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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


January  3d,  1906 — The  meeting  was  called  to  order  at  8.35 
p.  M.^;  President  C.  C.  Schneider  in  the  chair;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also,  84  members  and  22  guests. 

The  minutes  of  the  meetings  of  December  6th  and  20th,  1905, 
were  approved  as  printed  in  the  Proceedings  for  December,  1905. 

A  paper  by  Albert  J.  Himes,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Position  of  the  Constructing  Engineer,  and  his  Duties  in  Relation 
to  Inspection  and  the  Enforcement  of  Contracts,"  was  presented  by 
the  author.  Written  communications  from  Messrs.  James  Smith 
Haring,  W.  D.  Lovell,  Benjamin  Thompson,  S.  Bent  Russell  and 
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Willard  Beahan  were  presented  by  the  Secretary,  and  the  subject 
was  discussed  verbally  by  Messrs.  W.  A.  Aiken,  G.  S.  Bixby, 
Augustus  Smith  and  the  author. 

Ballots  for  membership  were  canvassed,  and  the  following  candi- 
dates elected: 

As  Members. 

Thomas  David  Allin,  Pasadena,  Cal. 
James  Leland  Crider,  Mt.  Vernon,  N.  Y. 
William  Herbert  Cushman,  Huntingdon,  Pa. 
Thomas  Gregory  Dabney,  Clarksdale,  Miss. 
Edward  John  Duffies,  Harbor  Beach,  Mich. 
Chester  Shepard  Freeland,  San  Francisco,  Cal. 
Edward  Payson  Lupfer,  Buffalo,  N.  Y. 
William  Vaughan  Polleys,  Providence,  K.  1. 
Victor  da  Silva  Freire,  Sao  Paulo,  Brazil. 
Herman  Winslow  Spooner,  Gloucester,  Mass. 


As  Associate  Members. 

Edward  Maguire  Adams,  Fort  Leavenworth,  Kans. 
Thomas  K  Bell,  Philadelphia,  Pa. 
Paul  Alexander  Blackwell,  Canonsburg,  Pa. 
Harry  Westbrook  DeGraff,  Fonda,  N.  Y. 
Osborne  Joel  Dempster,  Albany,  N.  Y. 
Lorenzo  Carlisle  Dilks,  New  York  City. 
Elmer  Dwight  Harshbarger,  Aspinwall,  Pa. 
Frank  Edward  Hermanns,  New  York  City. 
Walter  Burditt  Leane,  Cape  Colony,  South  Africa. 
Alfred  Emanuel  Lindau,  St.  Louis,  Mo. 
Alexander  Majors  Munn,  Nebraska  City,  Nebr. 
John  Peterson,  New  York  City. 
Arthur  Monroe  Shaw,  Dixon,  111. 
Edward  Clayton  Sherman,  Boston,  Mass. 
Charles  Bailey  Smith,  Boise,  Idaho. 
Eaymond  French  Stoddard,  Milford,  Conn. 
Samuel  Forsythe  Thomson,  New  York  City. 

As  Associates. 

John  Moffatt  Bruce,  New  York  City. 
William  Egberts  Conard,  Burlington,  N.  J. 

The  Secretary  announced  the  transfer  of  the  following  candi- 
dates, by  the  Board  of  Direction,  on  January  2d,  1906 : 
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From  Assocute  Member  to  Member. 

William  George  Brenneke,  St.  Louis,  Mo. 
Edward  Bayrd  Fay,  St.  Louis,  Mo. 

The  election  of  the  following  candidates,  by  the  Board  of  Direc- 
tion, on  January  2d,  1906 : 

As  Juniors. 

Duff  Andrew  Abrams,  Champaign,  111. 

Arthur  Boniface,  New  York  City. 

Arthur  Robert  Brown,  Bas  Obispo,  Canal  Zone,  Panama. 

Howard  Foss  Esten,  Pawtucket,  R.  I. 

Walter  Gottlieb  Federlein,  New  York  City. 

James  Stanley  Frazer^  Mt.  Vernon,  N.  Y. 

Ray  Palmer  Hovey'^^  Providence,  R.  I. 

Charles  Hamilton  Lee,  Los  Angeles,  Cal. 

Henry  Schell  Nichol^  New.  York  City. 

Alfred  Moore  O'Neal,  Jr.,  New  York  City. 

David  Elliott  Pendleton,  Greenville,  Miss. 

WiLLUM  Jenner  Powell,  Empire,  Canal  Zone,  Panama. 

Charles  Hinkley  Van  Kirk,  Chicago,  111. 

Alfred  Marshall  Wyman,  East  Orange,  N.  J. 

The  Secretary  announced  the  following  deaths : 

Anthony  Houghtaling  Blaisdell^  elected  Member,  March  3d, 
1880;  died  September  9th,  1905. 

James  MaoNaughton,  elected  Member,  May  5th,  1880;  died  De- 
cember 29th,  1905. 

Adjourned. 

January  17th,   1906 — The  minutes  of  this,  the  Annual  Meeting, 
will  be  printed  in  the  Proceedings  for  February,  1906. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  February  7th,  1906. — 8.30  p.  m. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper,  entitled  "Test  of  a  Three- Stage,  Direct-Connected  Cen- 
trifugal Pumping  Unit,"  by  Philip  E.  Harroun,  M.  Am.  Soc.  C.  E., 
will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  December,  1905. 

Wednesday,  February  21st,  1906. — 8.30  p.  m. — At  this  meeting 
a  paper,  entitled  "The  Economical  Design  of  Reinforced  Concrete 
Floor  Systems  for  Fire-Resisting  Structures,"  by  John  S.  Sewell, 
M.  Am.  Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  December,  1905. 

Wednesday,  March  7th,  1906 — 8.30  p.  m. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper,  entitled  "The  Theory  of  Continuous  Columns,"  by 
Ernst  F.  Jonson,  Assoc.  II.  Am.  Soc.  C.  E.,  will  be  presented  for 
discussion. 

This  paper  is  published  in  this  number  of  Proceedings. 

Wednesday  March  21st,  1906 — 8.30  p.  M. — At  this  meeting  a 
paper,  entitled  "New  Facts  about  Eye-Bars,"  by  Theodore  Cooper, 
M.  Am.  Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

PRIVILEGES    OF    ENGINEERING     SOCIETIES 

EXTENDED  TO   MEMBERS   OF   THE 
AMERICAN    SOCIETY  OF  CIVIL    ENGINEERS. 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of 
their  Reading  Rooms  and  at  all  meetings: 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers^ 

Xewcastle-upon-Tyne,  England. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
England. 

American  Institute  of  Mining  Engineers,  09  John  Street,  N^ew 
York  City. 

Boston  Society  of  Civil  Engineers,  71.5  Tremont  Temple,  Boston, 
Mass. 
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Civil  Engineers'  Club  of  Cleveland,  1'200  Scofield  Building,  Cleve- 
land, Ohio. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of   Philadelphia,   11 J^    Giiard    Street,   Philadel- 
phia, Pa. 

Engineers'  Society  of  Western  Pennsylvania,  410  Penn  Avenue, 
Pittsburg,  Pa. 

Western  Society  of  Engineers,  17:}7  Monadnock  Block,  Chicago, 
111. 

Louisiana  Engineering  Society,  ()04  Tulane-iSrewconib  Building, 
New  Orleans,  La. 

Engineers'   Club  of  Central   Pennsylvania,  Corner,  Second  and 
Walnut  Streets,  Harrisburg,  Pa. 

Engineers'  and  Architects'  Club  of  Louisville,  Ky.,  303  Norton 
Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 

Teknisk  Forening,  Yestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Societe'  des  Ingenieurs  Civils  de  France,  19  Eue  Blanche,  Paris, 
France. 

Svenska  Teknologforenigen,  Brunkebergstorg  18,  Stockholm,  Swe- 
den. 

Institute  of  Marine  Engineers,  58  Romford  Road,  Stratford,  Lon- 
don. E.,  England. 

Midland   Institute  of  Mining,  Civil  and   Mechanical  Engineers, 
Sheffield,  England. 

Sachsischer  Ingenieur=  und  Architekten=  Verein,   Dresden,  Ger- 
man3^ 

Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portu- 
gal. 

Pacific    Northwest    Society    of    Engineers,      G17-618     Pioneer 
Building,  Seattle,  Wash. 

Institution    of    Naval  Architects,    o   Adelphi    Terrace,    London, 
W.  C,  England. 

Memphis  Engineering  Society,  Memphis,  Tenn. 

Oesterreichischer   Ingenieur=    und  Architekten= Verein,  Eschen- 
bachgasse  9,  Vienna.  Austria. 

The  Junior  Institution  of  Engineers,   39  Victoria  Street,   West- 
minster, S.  W.,  Loudon.  England. 

Institution  of  Engineers  of  the  River  Plate,  Buenos    Aires,  Ar- 
gentine Republic. 

Sociedad  Colombiana  de  Ingenieros,  Tiogota,  Colombia. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Cleveland  Institute  of  Engineers,  Middlesborough,  England. 
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SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost 
to  the  Society  for  the  extra  work  required.  Since  that  time  many 
such  searches  have  been  made,  and  bibliographies  and  other  infor- 
mation on  special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases 
it  is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the 
cost  of  searches  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involv- 
ing search  through  periodical  literature,  is  desired. 
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ANNUAL  EEPORT  OF  THE  BOARD  OF  DIRECTION  FOR 
THE  YEAR  ENDING  DECEMBER  31st,  1905. 


Presented  at  the  Annual  Meeting,  January  17tii,  1906. 


The  Board  of  Direction,  in  compliance  with  the  Constitution  of 
the  Society,  presents  its  report  for  the  year  ending  December  31st, 
1905. 

MEMBERSHIP. 

The  changes  in  membership  are  shown  in  the  following  table: 


Jan.  1st,  1905. 

Jan.  1st,  1906. 

Losses. 

Addi- 
tions. 

Totals. 

Grade. 

1 

a 

a 
o 

"3 
o 

H 

9 

2 

1  795 

903 

127 

340 

27 

a 
a> 

2 

« 

1 

■426 

285 

53 

119 

9 

886 

a 

0) 

3 

'm 

0 

11 

2 

1  532 
736 

79 

277 
16 

2  653 

"5 

s 

p, 
0 

u 

0 

J3 

Q 

a 
2 

d 
0 

0 

IB 

3 
1 

i 
0 

n 

cis 

Honorary  Members 

Corresponding  Menabers  . . 
Members 

1 

"376 

240 

51 

116 

9 

8 

2 

1  419 

663 

76 

224 

18 

12 

2' 

1  952 

1  021 

131 

396 

25 

3 

2 

64 

2 

46 

3 
3 
4 
1 

1 
4 

1 

24 
8 
1 
3 
2 

38 

*68 
t44 

119 

tl53 

12 

108 

30 

79 

8 

52 

171 

187 

Associate  Members 

197 
12 

108 

114 

11 

8 

114 

393 

Total 

793 

2  410 

3  203 

3  539 

507 

*  64  Associate  Members,  1  Associate  and  3  Juniors. 
+  1  Associate  and  43  Juniors. 
t  2  Reinstatements. 

It  will  be  seen  that  the  net  increase  during  the  year  has  been 
336,  which  is  57  greater  than  ever  before.  The  yearly  net  gains  in 
total  membership,  beginning  with  1899,  are  given  below.  Prior  to 
that  year  the  yearly  increase  reached  100  only  foiir  times,  no  two  of 
which  were  consecutive. 

Year.  Net  increase. 

1899 103 

1900 138 

1901 190 

1902 185 

1903 212 

1904 279 

1905 336 

Total  net  increase  in  seven  years 1  443 

Average  net  yearly  increase 206  . 
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For  comparison,  the  average  net  increase  previous  to  1899  is 
given  below. 

Average  net  yearly  increase  1870-78 48.1 

"  "        "  "         1879-88 61.1 

"  "        "  "         1889-98 89.3 

The  total  number  of  applications  received  during  the  year  was 
549. 

The  losses  by  death  reported  during  the  year  number  38.  They 
are  as  follows: 

Members:  Julius  Baier,  Burr  Bassell,  Anthony  Houghtaling 
Blaisdell,  Robert  Cartwright,  George  William  Catt,  Casimir  Con- 
stable, Frederick  de  Funiak,  George  William  Frank,  Edward  Sher- 
man Gould,  David  Maxson  Greene,  Frank  March  Haines,  Richard 
Somers  Hayes,  George  Anthony  Lederle,  Gabriel  Leverich,  Thomas 
John  Long,  James  MacNaughton,  George  Anson  Marr,  Edmund 
Trowbridge  Dana  Myers,  William  Beswick  Myers-Beswick,  John 
Talcott  Norton,  Sutherland  Mallet  Prevost,  William  Marshall  Rees,. 
Archer  Cochran  Stites,  Nathan  Hollis  Whitten. 

Associate  Members:  Justin  Burns,  Frank  Lewis  Fales,  Van 
Dusen  Hite-Smith,  Louis  Ralph  Lavalle,  Henry  Brigham  Looker,. 
William  Smith  Morison,  Macy  Stanton  Pope,  George  Draper 
Stratton. 

Associate :    Cassius    Howard   Lindenberger. 

Juniors:  George  Wallace  Enos,  Shukichi  Fujino,  George  Clifton 
Woollard. 

Fellows:  Thomas  Cooper  Coleman,  George  Clarke  Walker, 

LIBRARY. 

The  accessions  to  the  Library  during  the  year  are  shown  in  the 
following  table: 

Accessions  During  the  Year  1905. 

Bound         Unbound      Specifica-    t^emnhs  and   Total 
Volumes.      Volumes.       cations.         Drawings 

Donations — 

In    answer  to  special 

requests    289  463  ...  147  899 

From   publishers.  ...  61  9  ...  ...  70 

In  regular  course 504  1292  267  116  2  179 

By  purchase 142  27  ...  ...  169 

Totals 996         1791  267  263         3  31T 
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In  addition  to  the  above,  there  have  been  received  781  duplicates,, 
and  15  separate  numbers  to  complete  files  of  periodicals,  neither  of 
which  can  appear  as  accessions. 

The  total  number  of  titles  in  the  Library  is  21  083. 
The  Library  now  contains : 

Bound  volumes 14  458 

Unbound    volumes 28  912 

Specifications    6  269 

Maps,  photographs  and  drawings 3  730 

Total 53  369 

During  the  year,  359  volumes  have  been  bound,  and  19  bound 
volumes  which  are  duplicates  were  received  and  have  replaced  pre- 
viously unbound  volumes. 

The  following  amounts  have  been  expended  upon  the  Library 
during  the  year: 

Purchase  of  books,  196  volumes $549.84 

Express  charges,  etc 11.72 

Binding  359  volumes 424.05 

Fixtures,  supplies  and  sundries 94.37 

Total $1  079.98 

The  value  of  the  accessions  to  the  Library  during  the  year  is  as 
follows,  each  accession  having  been  valued  separately,  as  received: 
3  149  Donations   and   exchanges    (estimated 

value)   $2  295.53 

169  Volumes    purchased    (cost) 442.52 

Binding  359  volumes 424.05 

Total $3  162.10 

During  the  year  2  869  persons  have  used  the  Reading  Room  and 
Library. 

Searches  have  been  made  for  54  persons,  covering  825  separate 
references.  These  searches,  the  expense  of  which  is  trifling,  seem 
to  be  of  great  convenience  and  value  to  those  who  ask  for  them. 

During  the  year,  as  heretofore,  every  effort  has  been  made  to 
secure  by  gift,  if  possible,  and,  if  not,  by  purchase,  every  engineer- 
ing work  published  which  should  be  on  our  shelves. 

From  time  to  time  members  have  suggested  the  advisability  of 
making  the  Library  a  circulating  one,  and  this  has  been  frequently 
considered  by  the  Board.  The  difficulties  in  the  way  of  such  a 
project,  however,  including  the  prohibitive  cost  of  securing  at  least 
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one  or  more  duplicates  of  all  books  of  reference,  seem  to  be  insur- 
mountable. 

PUBLICATIONS. 

During  the  year  tbe  usual  ten  numbers  of  Proceedings  and  two 
volumes  of  Transactions  have  appeared. 

In  the  Proceedings,  the  list  of  references  to  current  engineering 
literature  has  covered  113  pages,  containing  5  430  classified  refer- 
ences to  83  periodicals.     Last  year  only  71  periodicals  were  reviewed. 

The  stock  of  the  various  publications  of  the  Society,  kept  on 
liand  for  the  convenience  of  members  and  others,  now  amounts  to 
136  416  copies,  the  cost  of  which  to  the  Society,  for  paper  and  press- 
work  only,  has  been  $18  574.86. 

During  the  year,  11  402  volumes  of  the  Society  publications  have 
been  bound,  for  members  and  others,  in  the  standard  half-morocco 
or  cloth  bindings. 

The  extra  publications  during  the  year  have  been  six  volumes  of 
Transactions  containing  the  papers  and  discussions  of  the  Inter- 
national Engineering  Congress.  Details  as  to  this  publication  are 
^'iven  under  another  heading. 

Summary  op  Regular  Publications  for  1905. 

Issued.     Edition.    Total  Pages.  Plates.      Cuts. 

Transactions  {Yo\\xrae&)* 2         3  725         1034         127         160 

Proceedings    (Monthly    Num- 
bers)       10 

•Constitution  and  List  of  Mem- 
bers          1 


3  375 

1271 

104 

107 

4  200 

248 

1 

2  553 

231 

268 

Total 13 

The  cost  of  regular  publications  has  been : 
'For  Paper,   Printing,   Binding,   etc..   Transactions   and 

Proceedings $11  375.45 

Por  Plates  and  Cuts 1  733.78 

Por  Boxes,  Mailing  Lists,   Copyright   and   Sundry  Ex- 
penses    375.97 

Por  5  940  copies  of  Memoirs  and  Papers 741.03 

Por  List  of  Members 1 147.90 


Total $15  374.13 

Deduct  amount  received  from  sale  of  publications 2  501.98 


Net  cost  of  Regular  Publications  for  1905 $12  872.15 

*  Includes  Indexes  and  Tables  of  Contents. 
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PUBLICATIONS  OF  THE  INTERNATIONAL  ENGINEERING 
CONGRESS. 

The  last  report  of  the  Board  contained  an  outline  of  the  work 
of  the  International  Engineering  Congress  from  its  inception  in 
September,  1903,  to  January  1st,  1905.  At  that  date  the  Board  re- 
ported that  the  work  of  preparing  the  discussions  was  in  progress,, 
and  that  it  was  hoped  to  have  the  whole  Congress  Publication  ready 
for  issue  before  July  1st,  1905.  This  expectation  was  realized. 
The  discussions  were  collated,  put  in  type,  forwarded  to  the  Author 
of  each  paper,  and,  with,  his  closure,  published  with  the  paper.  All 
papers  and  discussions  were  grouped  by  subjects.  The  result  is 
embraced  in  six  volumes,  issued,  for  convenience,  as  Parts  A,  B,  C, 
D,  E  and  F  of  Volume  LIV  of  Transactions,  and  your  Board  be- 
lieves that  the  quality  and  extent  of  this  publication  fully  justified 
the  labor  and  expense  which  was  assumed  by  the  Society. 

These  extra  volumes  were  furnished  without  cost  to  all  members, 
and  were  also  furnished  to  335  subscribers,  192  of  whom  paid  $5, 
and  143,  $10.  A  number  of  sets  have  also  been  sold  at  $5  per 
volume.  Persons  who  joined  the  Society  after  January  1st,  1905, 
may  secure  these  volumes  at  a  special  price  of  $2.50  per  volume. 

Summary  of  Publications  of  the  International  Engineering 

Congress,  1905,  Transactions,  Volume  LIV, 

Parts  A,  B,  C,  D,  E  and  F. 

Number  of  Volumes 6 

Edition    4  000 

Total  Pages 3  398 

Number  of  Plates 248 

"  "    Cuts    441 

"  "    Subjects  treated 36 

"  "    Papers    96 

"  "    Discussions    302 

Separate  Papers  Printed 19  675 

The  total  cost  of  the  Congress  has  been $38  462.80 

Amount  expended  in  1904  for  this  account 13  579.27 

Amount  expended  during  1905 $24  883.53 

There  has  been  received  from  subscriptions  and  sales  of 

publications  of  the  Congress $4  949.05 

Owing  to  these  extra  publications,  the  work  of  the  stafE  of  the 
Society  was  materially  increased  during  the  year.     An  idea  may  be 
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conveyed  by  the  statement  that  of  the  publications  alone  more  than 
SO  000  separate  pieces  were  handled. 


LOCAL  ASSOCIATIONS  OF  MEMBERS. 

The  formation  of  Local  Associations  of  Members  of  the  Society 
in  the  larger  cities  of  the  country  has  received  much  attention  dur- 
ing the  past  year.  The  Board  prepared  a  report  on  the  subject 
which  was  presented  to  the  Society  at  the  Annual  Convention  at 
Cleveland,  where  the  subject  was  fully  discussed. 

Local  Associations  of  Members  of  the  Society  have  been  success- 
fully organized  at  Kansas  City,  Mo.,  San  Francisco,  Cal.,  and 
Memphis,  Tenn.,  and  much  interest  has  been  manifested  in  other 
■centers. 

MEETINGS. 

During  the  year,  24  meetings  have  been  held,  as  follows :  Annual 
Meeting,  2;  at  the  Annual  Convention,  4;  regular  semi-monthly 
meetings,  18. 

At  these  meetings  there  were  presented  21  formal  papers,  two  of 
which  were  illustrated  with  lantern  slides,  and  two  illustrated 
lectures. 

The  Thirty-seventh  Annual  Convention  was  held  at  Cleveland, 
Ohio,  at  which  the  registered  attendance  numbered  320  members 
and  255  guests. 

MEDALS  AND  PRIZES. 

For  the  year  ending  with  the  month  of  July,  1904,  Prizes  were 
awarded  as  follows: 

The  Norman  Medal  to  Emile  Low,  M.  Am.  Soc.  C.  E.,  for  his 
paper  entitled  "The  Breakwater  at  Buffalo,  N.  Y." 

The  Thomas  Fitch  Rowland  Prize  to  George  Cecil  Kenyon, 
Assoc.  M.  Am.  Soc.  C.  E.  (now  M.  Am.  Soc.  C.  E.),  for  his  paper 
entitled  "Dock  Improvements  at  Liverpool." 

The  Collingwood  Prize  for  Juniors  to  Herbert  J.  Wild,  Jun. 
Am.  Soc.  C.  E.  (now  Assoc.  M.  Am.  Soc.  C.  E.),  for  his  paper 
entitled  "The  Substructure  of  Marsh  River  Bridge." 


SOCIETY  HOUSE. 

In  its  last  report  the  Board  informed  the  membership  of  the  pur- 
chase of  the  25-ft.  lot  adjoining  the  Society  House,  and  stated  that 
general  plans  were  being  prepared  with  the  expectation  that  the 
work  of  enlargement  would  go  on  during  1905. 
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The  Board  now  reports  that  phxns  for  the  enlargement  were  pre- 
pared by  Messrs.  Eidlitz  and  McKenzie  early  in  the  year.  Com- 
petitive bids  were  secured,  and  on  May  2d,  1905,  a  contract  was 
signed  with  William  L.  Crow  amounting  to  $52  497. 

Owing  to  the  difficulty  of  getting  steel  and  to  some  minor  labor 
troubles,  the  work  is  not  completed,  but  it  is  expected  at  this  writing 
that  the  building  will  be  far  enough  advanced  to  enable  the  Annual 
fleeting  to  be  held  in  it. 

In  a  general  way,  the  addition  provides  an  enlargement  of  50% 
in  every  department  of  the  Society's  work.  The  Lounging  Room 
and  Auditorium  are  each  increased  in  length  25  ft.  An  additional 
Heading  Room  is  provided  on  the  second  floor,  and  the  capacity  of 
the  offices  on  the  third  floor,  as  well  as  the  Stack  Room  on  the  fourth 
floor,  has  been  materially  increased. 

The  rooms  which  were  used  in  the  old  building  as  offices  of  the 
Secretary  have  been  added  to  the  entrance  hallway,  forming  a  new 
Reception  Hall,  and  the  entrance  to  the  Lounging  Room  as  well  as 
the  toilet  facilities  have  been  enlarged. 

A  stairway  leading  from  the  Lounging  Room  to  the  Auditorium 
has  been  provided,  which  it  is  believed  will  add  much  to  the  facili- 
ties of  the  building,  and  to  the  comfort  of  those  in  attendance  at 
meetings. 

The  building  operations  have  been  in  the  hands  of  a  Committee 
■consisting  of  Messrs.  Noble,  Deyo,  N.  P.  Lewis  and  Hunt.  As  soon 
as  a  final  settlement  is  made,  the  report  of  this  Committee  will  be 
published  in  Proceedings  for  the  information  of  members. 


FINANCES. 

The  attention  of  Members  is  invited  to  the  Secretary's  statement 
•of  receipts  and  disbursements,  and  to  the  general  balance  sheet  which 
accompanies  it,  in  which  the  very  satisfactory  financial  condition  of 
the  Society  appears. 

In  a  circular  issued  by  the  Board  of  Direction  dated  May  25th, 
1895,  when  the  building  of  a  Society  House  was  first  contemplated, 
the  available  assets  of  the  Society  were  stated  to  be  as  follows : 

"The  House  127  East  23d  St.  (estimate) $60  000 

"Securities  in  Safe  Deposit   (par  value) ....       16  000 
"Cash  awaiting  permanent  investment 4  500 

"Total $80  500 

"Mortgage  on  127  E.  23d  St 16  000 

"Amount   Available $64  500" 
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When  the  enlargement  of  the  Society  House  is  finished  and  paid 
for,  a  similar  statement  will  be  about  as  follows : 

Lot    (75    by    112)    218-222    W.    57th    St. 

(estimate)    $270  000.00 

House    (1897)    Cost 103  597.83 

Addition    (1905-06)    (estimate) 60  000.00 

Total $433  597.83 

Mortgage  and  Loan 190  000.00 


Total  value  of  real  property,  above  debt.     $243  597.83 

It  should  be  noted  that  the  above  statement  relates  only  to  the 
real  property  of  the  Society,  and  does  not  show  the  increased  value  of 
the  Library  nor  the  amount  expended  for  furniture,  etc. 

In  closing  this  report  the  Board  desires  to  call  attention  to  the 
generous  donation  of  Thomas  Fitch  Kowland,  Hon.  M.  Am.  Soe. 
C.  E.  Resolutions  of  thanks  have  already  been  adopted  by  the 
Board  and  by  the  Society,  but  the  Board  wishes  to  emphasize  in  this- 
report  its  high  appreciation  of  this  timely  contribution  to  the  funds 
of  the  Society. 

The  reports  of  the  Secretary  and  Treasurer  are  appended. 

By  order  of  the  Board  of  Direction. 

Chas.  Warren  Hunt, 

Secretary, 

New  York,  January  2d,  1906. 
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REPORT  OF  THE  TREASURER. 

In  compliance  with  the  provisions  of  the  Constitution,  the  Treas- 
urer presents  the  following  report  for  the  year  ending  December  31st, 
1905: 

Balance  on  hand  December  31st,  1904 $49  927.49 

Receipts  from  current  sources,  January  1st  to  December 

31st.    1905 81742.14 

Extraordinary    Receipts     on 
accovint  of: 

Donation    $5  000.00 

International  Engineering 

Congress    2  333.90 

St.     Louis     Exhibit     and 

Headquarters    195.89 

Entertainment    of    British 

Engineers 80.00 

Additional   Loan 3  000.00 

10  609.79 


Pajonent  of  Audited  Vouch- 
ers for  Current  Busi- 
ness, January  1st  to  De- 
cember 31st,  1905 $67  296.94 

Extraordinary  Expenses  on 
account  of: 

Building    $36  919.80 

International  Engineering 


Congress    

24  932.93 

Entertainment    of   British 

Engineers    

172.50 

62  025.23 

Balance   on  hand   December 

31st,  1905 : 

In  Union  Trust  Company. 

$5  395.51 

In  Garfield  National  Bank . 

6  061.74 

In  hands  of  the  Treasurer. 

1  500.00 

12  975.25 

$142  279.42     $142  279.42 


Respectfully  submitted, 

JOS.  M.  KNAP, 

Treasurer,  Am.  Soc.  C.  E. 
New  York,  January  2d,  1906 


16  ANNUAL  REPORTS.  [Society 

REPOKT  OF  THE  SECEETARY,  FOR  THE 

To  THE  Board  of  Direction  of  the 

Gentlemen  : — I  have  the  honor  to  present  a  statement  of  Re- 
December  31st,  1905.     I  also  append  a  general  balance  sheet  show- 
New  York,  January  2d,  1905. 

Receipts. 

Balance  on  hand  December  31st,  1904,  in  Bank,  Trust 

Company  and  in  hands  of  Treasurer $49  927.49 

Entrance  Fees $9  665.00 

Current  Dues 37  642.58 

Past  Dues 1  519.71 

Advance   Dues 17  595.11 

Certificates  of  Membership 352.75 

Badges   2  014.50 

Sales  of  Publications 2  501.98 

Interest    987.07 

Library 272.85 

Convention    507.00 

Annual   Meeting 894.00 

Binding   7  676.80 

Miscellaneous   112.79 

Donation    5  000.00 

International  Engineering  Congress 2  333.90 

Louisiana   Purchase   Exposition 195.89 

Entertainment  of  British  Engineers 80.00 

Loan  and  Mortgage 3  000.00 

$92  351.93 


$142  279.42 


-A-ffaiis.]  ANNUAL  REPORTS.  17 

YEAR  ENDING  DECEMBER  31st,  1905. 

American  Society  of  Civil  Engineers. 

ceipts  and  Disbursements  for  the  fiscal  year  of  the  Society,  ending 
ing  the  condition  of  the  affairs  of  the  Society. 

Respectfully  submitted, 

CHAS.  WARREN  HUNT, 
Secretary. 
Disbursements. 

Salaries    of    Officers $8  600.00 

Clerical  Help 12  323.35 

Caretaking    1  771.94 

Publications    15  374.13 

Postage    3  763.33 

General  Printing  and  Stationery 2  324.51 

Badges   1  636.90 

Certificates   of   Membership 222.70 

Binding   6  542.70 

Library    1  079.98 

Maintenance  of  House 285.80 

Heat,  Light  and   Water 1 116.50 

FurnitHre    201.50 

Annual    Meeting 1  528.25 

Convention    1 131.51 

Prizes   179.85 

Interest  and  Insuri^nce 8  676.98 

Petty   Expenses 185.49 

Entertainment  of  British  Engineers 172.50 

Building    36  888.55 

Louisiana  Purchase  Exposition 31.25 

Refunds  10.35 

Current    Business 441.17 

International  Engineering  Congress 24  932.93 

— $129  322.17 

Balance  on  hand  December  31st,  1905 : 

In  Union  Trust  Company $5  395.51 

In   Garfield  National  Bank 6  061.74 

In   hands  of  Treasurer 1  500.00 

$12  957.25 

$142  279.42 
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ACCESSIONS  TO  THE  LIBRARY. 

From  Decriiil)er  11th,  lUO."),  to  January  ()tli,iyO(). 

DONATIONS.* 
MODERN  TURBINE  PRACIICE  AND  WATER  POWER  PLANTS. 

By  John  WoH  Thurso.  Cloth,  9x6  in.,  illns.,  22  +  244  pp. 
New  York,  D.  Van  Nostrand  Company,  1905.     $2  net. 

The  preface  states  that  the  object  of  this  book  is  to  give  such  information 
in  regard  to  modern  turbines  and  their  proper  installation  as  is  necessary  to 
the  hydraulic  engineer  in  designing  a  water-power  plant,  and  no  attempt  has 
been  made  to  treat  the  design  of  turbines.  In  the  first  part  the  writer  has  in- 
tended to  show  the  deficiencies  of  the  present  American  turbine  practice  and 
to  point  out  the  direction  in  which  improvement  is  to  be  sought.  On  account 
of  the  growing  importance  of  the  steam  turbine  and  its  close  relation  to  the 
hydraulic  turbine,  a  chapter  has  been  included  on  this  subject.  In  the  second 
part  will  be  found  information  and  data  relative  to  turbine  plants.  Following 
the  preface  are  a  few  pages  of  terms  and  symbols  used  in  hydraulic-power 
engineering.  Contents :  Part  I. — Modern  Turbine  Practice :  Turbine  Practice 
in  Europe  ;  Turbine  Practice  in  America  ;  Classification  of  Turbines  ;  Steam  Tur- 
bines ;  Modern  Turbine  Types  and  Their  Construction  ;  Accessories  to  Turbines  ; 
Governors  and  Speed  Regulators.  Part  II. — Water  Power  Plants  :  Water-Con- 
ductors ;  British  and  Metric  Measures  and  Values.  There  is  an  index  of  six 
pages.  At  the  end  of  the  book  is  Mr.  Allan  V.  Garratt's  paper  on  speed  regula- 
tion of  turbines,  reprinted  from  the  Transactions  of  the  American  Institute  of 
Electrical  Engineers. 

MACHINE  TOOLS. 

For  Planing,  Shaping,  Slotting,  Drilling,  Boring,  Milling, 
Wheel  Cutting,  Their  Design  and  Construction.  By  Thomas  Shaw. 
Cloth,  9  X  6  in.,  illus.,  7  +  676  +  8  pp.  Manchester,  England,  The 
Scientific  Publishing  Company.     15  shillings. 

In  this  work  the  author  aims  to  review  the  construction  of  the  different 
types  of  machine  tools  in  which,  generally  speaking,  the  work  is  either  held 
stationary  or  moves  in  straight  lines,  as  distinguished  from  those  to  which  a 
direct  rotary  motion  is  given.  He  has  endeavored  to  present,  from  actual 
practice,  a  number  of  examples  of  each  type  of  machine,  showing  the  different 
mechanisms  with  their  respective  constructional  surroundings,  and,  in  some 
cases,  the  complete  arrangement  of  details.  Besides  the  chapters,  dealing  with 
the  construction  of  the  machines,  there  has  been  added  a  chapter  of  useful  items 
and  miscellaneous  information  collected  from  the  author's  personal  experience 
and  other  sources.  The  contents  are  :  Planing  Machines  ;  Shaping  and  Slotting 
Machines  ;  Vertical  Drilling  Machines  ;  Radial  Drilling  Machines  ;  Horizontal 
Boring  and  Drilling  Machines :  Multiple-Spindle  Drilling  Machines  ;  Milling 
Machines ;  Wheel-Cutting  Machines  ;  Items  of  Interest,  and  Appendix.  There 
is  an  index  of  seven  pages. 

CONTRIBUTION    A    L'ETUDE    DE    LA    FRAQILITE    DANS    LES    FERS    ET    LES 
ACIERS. 

Memoires  Originaux  et  Reimpressions ;  Publication  faite  avec  le 
Concours  des  Six  Grandes  Compagnies  de  Chemins  de  Fer  Frangais. 
Societe  D'Encouragement  pour  ITndustrie  Nationale.  Paper,  10  x  9, 
illus.,  16  4-  482  pp.     Paris,  Siege  de  la  Societe,  1904.     $6. 

This  work  comprises  original  papers  and  reprints  on  the  brittleness  of 
steel,  with  an  introduction  by  H.  Le  Chatelier.  Some  of  the  contents  are  :  Re- 
sistance au  Choc  et  Pragilite  du  Fer,  et  Mesure  de  la  Fragilite  de  I'Acier  et  du 
Fer,  par  M.  Considere  ;  Influence  de  la  Temperature  sur  les  Proprietes 
Mecaniques  des  Metaux,  par  M.  Andre  Le  Chatelier  :  Fragilite  apres  Ecrouissage 
a  Froid  et  Fissilite,  par  M.  Considere  :  Fragilite  des  Aciers,  par  M.  Godron  ; 
Aciers  Propres  a  la  Construction  des  Machines,  par  M.  Auscher  ;  Nouvelle  Me- 
thode  d'Essai  des  Metaux,  par  M.  Ch.  Fremont ;  Influence  du  Temps  et  de  la 
Temperature  sur  les  Proprietes  Mecaniques  et  les  Essais  des  Metaux,  par  M. 
Andre  Le  Chatelier  ;   Etude  Experimental  des  Causes  de   la  Fragilite  de   I'Acier, 

*Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the 
publishers. 
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par  M.  Ch.  Fremont ;  Sur  le  Pliage  des  Barrettes  Entaillees,  par  MM.  Ch.  Fre- 
mont et  F.  Osmond  ;  Flexion  par  Choc  sur  Barreaux  Entailles,  par  M.  J.  Barba, 
et  par  M.  G.  Charpy  ;  Essai  des  Metaux  par  Pliage  de  Barrettes  Entaillees,  par 
M.  Ch.  Fremont ;  Essai  de  Fragilite  au  Choc  sur  Barreaux  Entaill§s,  par  M.  H. 
Le  Chatelier  ;  Note  sur  le  Role  des  Essais  dans  le  Controle  du  Material  Roulant 
de  Chemin  de  Fer,  et  L'Essai  au  Choc  des  Metaux  dans  la  Construction  du  Ma- 
terial Roulant  de  Chemin  de  Fer,  par  M.  F.  Vanderheym.  The  book  has  a 
table  of  contents,  but  contains  no  index. 

INDEX  TO  ENGINEERING  NEWS  FOR  THE  YEARS  1900  TO  1904  INCLUSIVE. 

Compiled  by  Mary  E.  Miller.  Cloth,  9x6  in.,  290  pp.  New 
York,  Engineering  News  Publishing  Company,  1905.     $2. 

The  introduction  states  that  the  present  publication,  indexing  the  ten  volumes 
of  Enqineerinq  Neivs  issued  from  January  1st,  1900,  to  January  1st,  1905,  is 
the  third  such  general  index  to  this  journal  which  has  been  issued.  The  first 
covered  the  sixteen  years  from  the  foundation  of  the  journal  in  1874  to  the 
end  of  1890.  The  second,  a  much  larger  and  more  systematically  compiled 
volume,  covered  the  years  from  1890  to  1899,  inclusive ;  and  the  present,  as 
just  stated,  covers  the  matter  published  in  the  five  years  following.  As  a 
slight  indication  of  the  growth  of  the  engineering  profession  and  the  corre- 
sponding growth  of  Enqineerinp  News,  it  may  be  here  noted  that  the  first  gen- 
eral index,  covering  the  sixteen  years  preceding  1890,  was  a  volume  of  118 
pages  ;  the  second  book,  covering  the  decade  preceding  1900,  contained  324 
pages,  and  the  present  volume,  covering  only  half  a  decade,  contains  291 
pages.  In  part,  however,  the  increase  in  size  is  due  to  more  careful  and  com- 
plete indexing.  The  present  volume  is  designed  to  be  a  labor-saving  aid  in 
the  use  of  Engineering  News.  The  introduction  also  contains  suggestions  on 
how  to  use  the  index.  The  author  index  at  the  end  of  this  book  is  a  new 
feature,   not  contained  in  the  other  volumes. 

A  POCKET  BOOK  OF  MECHANICAL  ENGINEERING; 

Tables,  Data,  Formulas,  Theory  and  Examples  for  Engineers  and 
Students.  By  Charles  M.  Sames.  Leather,  6x4  in.,  8  +  168  pp. 
Jersey  City,  N.  J.,  Charles  M.  Sames,  1905.     $1.50. 

This  book  is  the  result  of  the  writer's  endeavor  to  compact  the  greater  part 
of  the  reference  information,  usually  required  by  mechanical  engineers  and 
students,  into  a  volume,  the  dimensions  of  which  permit  of  its  being  carried 
in  the  pocket  without  inconvenience.  The  author  states  that  in  its  prepara- 
tion he  has  consulted  standard  treatises  and  reference  books,  the  transactions 
of  engineering  societies  and  his  own  memoranda,  which  extend  over  a  period 
of  fifteen  years.  A  large  amount  of  valuable  and  timely  matter  has  been  ob- 
tained from  the  columns  of  technical  periodicals  and  also  from  the  catalogues 
which  manufacturers  have  courteously  placed  at  his  disposition.  The  contents 
are :  Mathematics ;  Chemical  Data ;  Materials ;  The  Strength  of  Materials, 
Structures  and  Machine  Parts :  Energy  and  the  Transmission  of  Power ;  Heat 
and  the  Steam  Engine ;  Hydraulics  and  Hydraulic  Machinery ;  Shop  Data ; 
Electrotechnics  ;   Addenda.     There   is  an   index  of  six  pages. 

EARTHWORK  TABLES. 

By  E.  S.  Henderson.  Paper,  12  x  9  in.,  32  pp.  New  York,  The 
Engineering  News  Publishing  Company,  1905.     $1. 

Part  I  gives  Cubic  Yards  per  100  Feet  for  Level  Sections  ;  Bases  up  to  50 
Feet  varying  by  1  Foot ;  Heights  up  to  25  Feet  varying  by  0.1  Foot ;  Heights,  25 
Feet  to  50  Feet,  varying  by  0.5  Foot :  Heights.  50  Feet  to  100  Feet,  varying  by 
1  Foot;  Quantities  given  direct  for  Slope  of  IV.  to  1;  Quantities  for  10  other 
Slopes  given  by  one  Addition  or  Subtraction  ;  Results  to  the  nearest  Yard  ;  To 
which  is  added  a  Graphical  Method  of  Estimating  Quantities  from  a  Profile. 
Part  II  gives  the  Volume,  in  Cubic  Yards,  of  Prismoids,  100  Feet  Long,  by  the 
Average  End-Area  Method  ;  sums  of  End  Areas  up  to  10  000  Square  Feet, 
varying  by  tenths :  Cubic  Yards  per  100  Feet  to  the  nearest  •  tenth  ;  Sums  of 
End  Areas  up  to  1  000  Square  Feet,  varying  by  hundredths  ;  Cubic  Yards  per 
100  Feet,  to  the  nearest  hundredth. 

HYDROGRAPHIC  SURVEYING; 

Methods,  Tables  and  Forms  of  Notes.  By  Samuel  H.  Lea, 
M.  Am.  Soc.  C.  E.     Cloth,  9x6  in.,  illus.,  172  pp.     New  York,  The 
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Engineering  News  Publishing  Company,  1905.     $2  net  (donated  by 
the  author). 

The  author  states  in  the  preface  that  this  work  is  intended  to  be  useful 
to  engineering  students  and  the  younger  members  of  the  profession,  as  well 
as  to  those  engineers  of  larger  experience,  who  are  not  thoroughly  familiar  with 
the  minor  details  of  Hydrographic  Surveying,  much  of  the  matter  contained 
in  the  manual  being  elementary  and  the  hydraulic  formulas  being  stated  as 
nearly  as  practicable  in  their  simplest  forms.  It  is  the  author's  purpose  to 
explain  such  practical  features  of  hydrographic  surveying  as  are  likely  to  be 
encountered  in  actual  practice  and  are  at  present  to  be  learned  only  by  actual 
field  experience.  It  is  stated  that  much  of  the  information  was  acquired  by  the 
author  in  the  course  of  his  professional  work,  consequently,  it  has  the  merit  of 
practicality.  He  has  endeavored  to  limit  the  scope  to  such  ordinary  methods 
of  hydrographic  surveying  as  are  likely  to  occur,  and  desires  to  embody  within 
this  little  book  a  concise  explanation  of  modern  methods.      There  is  no  index. 

MODERN  MACHINE  SHOP; 

Construction,  Equipment  and  Management.  By  Oscar  E.  Per- 
rigo.  Cloth,  10  X  7  in.,  illus.,  343  pp.  New  York,  The  Norman  W. 
Henley  Publishing  Company,  1906.     $5. 

The  aim  of  the  author  has  been  to  produce  a  work  suitable  for  the  practical 
and  every-day  use  of  the  architects  who  design,  the  manufacturers  who  build, 
the  engineers  who  plan  and  equip,  the  superintendents  who  organize  and  direct, 
and  for  every  stockholder,  officer  and  workman  of  the  modern  machine  shop  and 
manufacturing  plant.  Part  First  is  devoted  to  the  Construction,  describing  and 
illustrating  buildings  of  approved  form  and  arrangement ;  Part  Second  to 
Equipment  with  modern  tools,  machines  and  appliances ;  and  Part  Third  dis- 
cusses the  question  of  Management,  minutely  describing  and  illustrating,  it  is 
stated,  a  plain,  concise,  accurate  and  common-sense  system  of  management 
and  of  time  and  cost  keeping,  that  may  be  easily  and  economically  adminis- 
tered and  give  information  necessary  for  operating  the  business  to  financial 
success.     There  is  an  index  of  nearly  sixteen  pages. 

PRACTICAL  PATTERN=MAKING. 

By  F.  W.  Barrows.  Cloth,  7x5  in.,  illus.,  326  pp.  New  York, 
The  Norman  W.  Henley  Publishing  Company,  1906.     $2. 

It  is  stated  that  the  aim  of  this  book  is  to  be  a  thoroughly  practical  work. 
It  is  written  by  a  pattern-maker  with  thirty  years'  experience,  and  contains 
information  on  pattern-making  and  pattern-makers  in  general,  and  a  detailed 
description  of  the  necessary  materials,  hand  and  machine  tools,  with  special 
chapters  on  the  lathe,  the  band-saw  and  the  circular  saw,  with  examples  of 
work  which  may  be  done  on  these  machines.  A  complete  section  of  illustrated 
examples  of  pattern-work  in  wood,  with  many  pages  of  metal  pattern-work, 
gating  and  plate  work,  both  vibrator  and  stripping  plates,  are  shown.  Some 
mathematics  for  the  pattern  shop  are  given,  and  finally  the  cost,  marking  and 
record  of  patterns  is  explained  and  illustrated.  There  is  an  index  of  four- 
teen pages. 

Gifts  have  also  been  received  from  the  following : 

Allen,    "W.    F.     1    vol.  Florida — Railroad   Comm.     3   pam. 

Am.  Soc.  for  Testing  Materials.    1  vol.  Foster-Munger   Co.      1   vol. 

Am.    Soc.    of   Heating    and    Ventilating  Great  Britain — Patent  Office.      3  vol. 

Engrs.     1  vol.  Hermany,  Charles.      4  vol. 

Am.  Water  Works  Assoc.     1  vol.  Humphreys.    A.    C.      1    pam. 

Atlantic  Coast  Line  R.  R.  Co.      2  pam.  Indian   Midland  Ry.  Co.,   Ltd.      1  pam. 

Bixby,   G.   S.      2  pam.  Inst,    of    Engrs.    and    Shipbuilders    in 
Brit.    Fire    Prevention    Committee.      1  Scotland.     1  bound  vol. 

pam.  Kenyon,  G.  C.     1  pam. 

Cal.   Academy   of   Scl.      2   pam.,   1   vol.  Lehigh    &    Hudson    River    Ry.    Co.      1 
Chicago,    111. — Dept.   of   Public   Works.  pam. 

1  pam.  London,  Ont. — Board  of  Water  Commrs. 
Chicago  Junction  Rys.  &  Union  Stock  1  pam. 

Yards  Co.  1  pam.  Madras,  India — Public  Works  Dept.  5 
Colo. — State    Agri.    Exper.    Station.     3  vol. 

pam.  Mahl,  William.      2  vol. 

Cornell   Univ.   Library.      1  pam.  Mass.  Inst,  of  Tech.     1  vol. 

Endicott.  M.  T.      1  vol.  National    Board    of    Fire    Underwriters 
Eng.    Standards    Committee.     1    bound  Committee    of    Twenty.     1    vol.,    2 
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pam. 
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National  Irrig.  Congress.      1  vol.  Tonindustrie-Zeitung.      1  bound  vol.,  2 
New    South   Wales — Govt.    Statistician.  vol. 

2  pam.  U.  S.  Bureau  of  the  Census.  1  bound 
New    York    City — Dept.    of    Health.      1  vol. 

pam.  U.   S.   Corps  of  Engrs.      23   specif. 

New   York — State   Library.      1   pam.  U.  S.  Dept.  of  Agri.     1  pam. 

New  York — State  Museum.      1  vol.  U.   S.  Lake  Survey  Office.     2  pam. 

Nichols,  T.  F.      4  vol.  U.    S.    Naval    War   Records    Office    and 
Ockerson,  J.  A.     1  pam.  Library.     4  vols.,  5  pam. 

Ohio — State   Geologist.      1   pam.  Unknown.      1  vol. 

Pere  Marquette  R.  R.   Co.,   4  pam.  Virginia — Dept.  of  Agri.  and  Immigra- 
Platt,  T.  C.     7  vols.  tion.     1  vol. 

Southern  Pacific  Co.     1  vol.  Ziino,  Sibaldo.     1  pam. 

BY  PURCHASE. 

Rapports  de  Service.  Par  E.  Dardart  et  Philippe  Dufoiir.  Stdno- 
graphie.  Par  Zryd.  (Bibliothfeque  du  Conducteur  de  Travaux  Pub- 
lics.)    Paris,  H.  Dunod  et  E.  Pinat,  1905. 

Legislation  des  Eaux.  Par  Louis  Courcelle  et  E.  Dardart.  (Bib- 
liotheque  du  Conducteur  de  Travaux  Publics.)  Paris,  H.  Dunod  et 
E.  Pinat,  1905. 

Etude  sur  les  Murs  de  Reservoirs.  Par  J.  B.  Krautz.  Paris, 
Dunod,  1870. 

Base,  Contour  and  Relief  Maps.  U.  S.  Geological  Survey.  Wash- 
ington, D.  C,  1904. 


SUMMARY  OF  ACCESSIONS. 

December  11th,  1905,  to  January  6th,  1906. 

Donations  (including  12  duplicates) 125 

By  purchase 6 

Total 131 
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ADDITIONS. 


MEMBERS. 


Albee,   Hermann.     (Wilson  &  Alber,  Cons.  Engrs.),  1216 

N.  24th  St.,  Birmingham,  Ala 

Bacon,  George  Morgan.     84  R  St.,  Salt  Lake  |  Assoc.  M. 

City,  Utah i  M. 

Baldwin,  Archibald  Stuart.     Chf.  Engr.,  I.  C.  R.  R., 

Chicago,  111 

Belden,  Harry  Austin.     Care,  J.  G.  White  &  Co.,  Inc., 

Manila,  Philippine  Islands 

Carpenter,   Charles  Lincoln.     Asst.    Engr.,    Isthmian 

Canal  Comm.,  Bas  Obispo,  Canal  Zone,  Panama ' 

Clapp,    William  Billings.     205    So.    Fair  Oaks   Ave., 

Pasadena,  Cal 

Galloway,  John  Debo.     Cons.  Civ.  Engr.,  Rialto  Bldg., 

San  Francisco,  Cal 

Goodrich,  Ernest  Payson.     Cons.  Engr. ;  Chf. 


Engr.,  Bush  Cos.,   100   Broad   St.,    New 


Jun. 
M. 


York  City 

Humphrey,    Henry     Cyprian.        Provincial  ) 

I  Assoc  M 
Superv.,    Lucena,     Tayabas     Province,  >• 

Philippine  Islands j 

Leffingwell,   Frank   Dodge.     Res.  Engr.,  ] 

Rapid  Transit  Subway  Constr.  Co.,  350   I   Assoc.  M. 

Fulton  St..  Brooklyn,    N.   Y.  (Res.,  13   j   M. 

Lexington  Ave.,  Montclair,  N.  J.) J 

McCormack,  Edgar  Walter.     110    O'Reilly  )  Assoc.  M. 

St.,  Havana,  Cuba )  M. 

Neher,  Frank.     Prin.  Asst.  Engr.,  Mo.  Pac.  Ry.,  7th and 

Poplar  Sts.,  St.  Louis,  Mo 

Newton,  Albert  William.     610  Globe-Democrat  Bldg., 

St.  Louis,  Mo 

Parks,  Oren  Elisha.     Civ.    Engr.    and   Surv.,    82   North 

Elm  St.,  Westfield,  Mass 

Warner,  Frank  Charles.     U.  S.  Asst.  Engr.,  Delaware 

City,  Del 

Wood,  Frederic  James.     Chf.  Engr.,  Boston,  Pa wtucket 

&  Providence  St.  Ry.  Co.;  Cons.  En^.,  Norfolk  & 

Bristol  St.  Ry.  Co.,  Poxboro,  Mass 


Date  of 
Blembership. 

Dec.  6,  1905 

Dec.  3,  1902 

Dec.  5,  1905 

Dec.  6,  1905 

Oct.  4,  1905 

Dec.  6,  1905 

Dec.  6,  1905 

Dec.  6,  1905 

April  3,  1900 

Nov.  1,  1905 

Sept.  4,.  1901 

Oct.  3,  1905 

Oct.  5,  1898 

Dec.  5,  1905 

Mar.  6,  1901 

Dec.  5,  1905 

Oct.  4,  1905 

Dec.  6,  1905 

Dec,  6,  1905 

Dec.  6,  1905 

Dec.  6,  1905 


ASSOCIATE   members. 

Adams,  Raymond Edmond.     Civ.  Engr.,  Quar-  \ 

ter  Master  General's  Office,  702  Seven-  '  '^"'^• 


May      1,  1900 

i,    oi.     XT    -nr     iir     u-      4^        Ts   /-.  \  Assoc.  M.     Dcc.      6,  1905 

teenth  St.,  N.  W.,  Washmgton,  D.  C. . .  .  ^ 
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Associate  Membebs  (Continued). 

Date  of 
Membership. 

Allen,   Eugene  Yokke.     Asst.  Res.  Engr.,  Bergen  Hill 

Tunnels,  P.,  N.  J.  &  N.  Y.  R.  E.,  Weehawken  Shaft, 

P.  O.  Station  No.  1,  Hoboken,  N.  J Dec.     6,  1905 

Baknes,    Waltek   Esmond.     45   Lincoln  St.,  j  Jun.  May     6,  1902 

Maiden,  Mass \  Assoc.  M.     Dec.     6,  1905 

Buck,  Con  Morrison,     Office  Engr.,  A.,  T.  &  S.  F.  Ey., 

1006  Garfield  Ave.,  Topeka,  Kans Dec.      6,  1905 

Grady,  John  Edward.     Engr.,  Bridge  Constr.,  San.  Dist. 

of  Chicago,  716  East  50th  St.,  Chicago,  111 Dec.     6,  1905 

Gray,  John  Lathrop.     Engr.  and  Asst.    Supt.,  Paraffine 

Works  of  Tide  Water  Oil  Co.,  Bayonne,  N.  J Dec.     6,1905 

HiLDRETH,  John  Lewis,  Jr.     Topographical  Draftsman, 

Bureau  of  Highways,  4  Court  Sq.,  Brooklyn,  N.  Y.  .     Dec.      6,  1905 

Melius,  Ludlow  Lawrence.  Glenmont,N.Y.  i'^"'^-  ^^^'     2,1899 

*  Assoc.  M.     Dec.      6,  1905 

Severson,  Oscar  Melvern.     Div.  Engr.,  B.  &  S.  Ey.  Co., 

992  Ellicott  Sq.,  Buffalo,  N.  Y Dec.      6,  1905 

Stockton,   John.     Asst.    Engr.,    C.    W.    Leavitt,   Jr.,    15 

Cortlandt  St.,  New  York  City Dec.      6,1905 

TooKER,  Frank  Westervelt.     With   Chas.    W.  Leavitt, 

Jr.,  15  Cortlandt  St.,  New  York  City Dec.     6,1905 

WiDDICOMBE,  EOBERT  ALEXANDER.      Mgr.  and 

Engr.,  Steam  Fitting  Dept.,  Kroeschell  |-' 

Bros.  Co.,  Chicago,  111 

Wilson,  William  Edward.  Asst.  Prof., 
Civ.  Eng.,  Univ.  of  Utah ;  Civ.  and  Cons. 
Engr.,  14  Eng.  Bldg.,  Univ.  of  Utah, 
Salt  Lake  City,  Utah j 

JUNIORS. 

Blythe,  Lucien  Huguet.     103  Mountain  '^Vay,  Euther- 

ford,  N.  J Oct.    31,  1905 

Cooper,  Frank  Wesley.  Laboratory  Asst.,  Structural 
Materials  Lab.,  U.  S.  Geological  Survey,  St.  Louis, 
Mo Sept.     5,  1905 

Crane,  Joseph  Spencer.     Asst.  Engr.  with  Wm.  P.  Field 

(Ees.,  179  Washington  St.),  Newark,  N.  J Dec.     5,  1905 

Gay,    Leon   Lincoln.      Care,    U.    S.    Geological  Survey, 

Minidoka,  Idaho j^ Dec.      5,  1905 

Henry,  Smith  Tompkins.     Assoc.  Editor,  The  Engineering 

Record,  1140  Monadnock  Blk.,  Chicago,  111 Sept.    5,  1905 

Hodgman,    Burt  Bradley.     220  Broadway,   New   York 

City Sept.    5,  1905 

Leeuw,  Henry.  Asst.  Engr.,  Hudson  Co.,  Foot  of  15th 
St.,  Jersey  City  (Ees.,  249  Laurel  Ave.,  Arlington), 
N.J Sept.    5,1905 


un. 

April    2, 

1901 

LSSO( 

3.  M. 

Dec.      6, 

1905 

uu. 

Jan.      6, 

1903 

LSSO( 

^.  M. 

June     7, 

1905 
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Juniors  (Continued). 

Date  of 
Membership. 

LiBBEY,  James  TEMPiiETON.     Asst.  Engr.,  Erie  K.  R.,  P. 

0.  Box  176,  Corry,  Pa Dec.      5,  1905 

Spear,  Philip  Highborn.     Draftsman,  N.  Y.  C.  &  H.  R. 

E.  E.,  1152  E.  Jersey  St.,  Elizabetli,  N.  J Dec.     5,  1905 

RESIGNATIONS. 

MEMBERS. 

Date  of 
Resignation. 

Balbin,  Ernesto  Joaquin December  31st,  1905 

French,  Alfred  Willard December  31st,  1905 

Jardine,  Alexander  William December  31st,  1905 

associate  members. 
Ramsey,  Edmund  Payton December  31st,  1905 

associates. 

Barnes,  William  Henry December  31st,  1905 

Crafts,  George  Henry December  31st,  1905 

Peverley,  Ealph December  31st,  1905 

DEATHS. 

Blaisdell,  Anthony  Houghtalino.     Elected  Member,  March  3d,  1880  ; 

died  September  9tli,  1905. 
MacNaughton,  James.     Elected  Member,  May  5th,  1880 ;  died  December 

29th,  1905. 
Snyder,  Francis  Edward.     Elected  Member,  September  6th,  1905 ;  died 

December  23d,  1905. 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 
INTEREST. 

(December  10th,  1905  to  January  6tli,  1906.) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  the  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can 
he  procured  by  addressing  the  publication  directly,  the  address  and 
price  being  given  wherever  possible. 


LIST  OF  PUBLICATIONS. 


In  the  subjoined  list  of  articles  references  are  given  by  the  num- 
ber prefixed  to  each  journal  in  this  list. 
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La  Grande  Coupure  de  I'Escaut.      C.  J.  van  Mierlo.      (31)   Pt.  1,  1905. 
Redressement   de   I'Escaut  en   Aval   d'Anvers :    Note   sur   I'Avant-Projet   du    Gou- 

vernement.     C.  J.  van  Mierlo.      (31)    Pt.  1,   1905. 
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THE  THEORY  OF  CONTINUOUS  COLUMNS. 


By  Ernst  F.  Jonson,  Assoc.  M.  Am.  Soc.  C.  E. 
To  BE  Presented  March  7th,  1906. 


A  column  which  is  continuous  through  two  or  more  stories 
differs  from  a  one-story  column  in  that  its  strength  in  any  story  is 
a  function,  not  merely  of  its  dimensions  in  that  story,  but  of  its  di- 
mensions in  all  stories.  A  15-ft.  section  of  a  continuous  column  is 
evidently  stronger  when  the  adjoining  sections  are  10  ft.  long  than 
when  they  are  15  ft.  long,  other  things  being  equal.  Practically  all 
columns  used  in  buildings  of  more  than  one  story  are  continuous. 

It  is  the  writer's  purpose  to  develop  the  exact  theory  of  continu- 
ous columns  in  order  to  deduce  from  it  a  simple  method  of  cal- 
culating the  effect  of  eccentric  loading,  both  at  the  floor  level  and 
at  an  intermediate  point. 

The  development  of  the  equation  of  the  elastic  curve,  though  not 
new,  will  be  given  for  the  sake  of  convenience  and  completeness. 

The  bending  moment  in  a  column  is  (Fig.  1) 

M=Wy I 

where  W  is  the  load,  and  y  the  distance  from  the  load  line  to  the 
axis  of  the  column. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  Invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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The  corresponding  stress  is 

W  a  y 


.II 


where  a  is  the  distance  to  the  extreme  fiber,  and  I  is  the  moment  of 
inertia.     The  corresponding  elongation  per  unit  of  length  is 
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MOMENT  DIAGRAM  COLUMN 

Fig.  1. 


where  E  is  the  modulus  of  elasticity.     The  corresponding  second 
differential  may,  with  sufficient  accuracy,  be  taken  as 
d^  y  _  _  Wy 

Hence  the  equation  of  the  elastic  curve  is 

~W 


IV 


y  ^  D  sin.  a* 


E   I 


where  D  =  y^ 
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By  multiplying  by  W  we  get  the  equation  of  the  bending  mo 
ments 


3f  =  3/,  sin.  ,}; 


EI 


YI 


MOMENT   DIAGRAM 

Fig.  3. 


COLUMN 


The  bending  of  a  continuous  column  in  two  adjoining  stories 
must  fulfil  the  following  condition  (Fig.  2)  : 

_^L  4-1^=0        VII 

'l  ''2 
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where  8^  is  tlie  detlectiou  of  the  upper  end  of  the  upper  column,  and 
S.,  that  of  the  lower  end  of  the  lower  one,  both  measured  from  the 
tangent  to  the  elastic  curve  at  the  intermediate  floor  line,  and  where 
l^  is  the  length  of  the  upper  and  l^  that  of  the  lower  colunm. 

5i  =  -f-    /  ^  u  Md'u VIII 

'•■= ^J'' '■ " "' '-^ 

where  I^  is  the  moment  of  inertia  of  the  upper,  and  I^  that  of  the 
lower  column,  and  where  u  is  the  distance  from  the  top  of  the  upper, 
and  V  that  from  the  bottom  of  the  lower  column. 
Hence  Equation  VII  becomes: 

-L    Pi  u3fdu-\--L.r^vMdv  =  0 X 

Let  X  —  u  =  m, 

u3I  du  =  3fg    I  X  sm.  x      1  d  x 

+  M,  m  y™  sin.  .  ^  J^cZ  ., 

J  ^  u  M  d  11.  =  M^    ^y  I    sin.    (m  +  0  ^^2 

(-  +  I)  ^^^cos.  («.  +  I)   ^]q 

If    .  \W  IW  \W~\ 

^l^sm.  m   ^^-^-yn  ^^^  cos.  m  ^^J 

+  K  ^n  J^fl  -  COS.  m  J^  J  . 

uMdv  =M^  '^y      sin.  («?  +  0   -sj^j 

[W  [W  I  ^"1  XI 


hence 


—  IC 
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From  the  Moment  Equation  VI,  we  find 

3f,  =  31^  sin.  rn^-^j.   XII 


3f.^  =  3/,,  sin.  (711  +  J) 


W_ 
EI 


.XIII 


1  W 
sui.  m  ^^j   =  SI 

—  COS.   (m  + 


«in-  Oh  +  0    Jj^j  COS.  I    ^^^ 


I)    s^j^j-   sin.    ?    ^^j. 


W         .  I  TT 


sin.  Z  ^;^j. 


=  COS.(l» 


+')sl 


Jf„   COS.   I 


EI 


-31, 


=   31^    COS.   (JH   +   1) 


sin. 


Introducing  tliese  values  into  Equation  XI,  we  get: 


W 
EI 


EI 


XIV 


/: 


iijM  du  =^ 


EI 


/ 


)(  31  d  It  = 


XV 


JEl/  J 
Introducing  tliis  value  into  Equation  X,  we  get: 


Sin.  /,        — L- 
'  SJE  7i 


tan./,      IZl, 
'  \E  I,} 
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=   0. 


XVI 


This  equation  is  a  "theorem  of  four  moments"  for  continuous 
columns. 

We  also  know  that 


M,  —  3L  +  ]\r   =  0 , 


XYII 


where  Mg  is  the  moment  due  to  eccentricity  of  loading,  the  left- 
hand  side  being  the  positive  side. 

By  applying  these  two  equations  to  each  story,  from  top  to  bot- 
tom of  a  continuous  column,  the  two  end  moments  of  each  section 
of  the  column  are  found  in  terms  of  the  lower  end  moment  of  the 
column  below,  and  by  working  back  from  bottom  to  top,  introducing 
the  values  of  the  lower  end  moment,  the  absolute  values  will  be  found. 

From  Equations  XII  and  XIII  we  find  the  maximum  moment 


M„  = 


M\  +  M^.^  —  2  iWj  3f2  cos.  I 


sin.    I 


SJEI 


XVIII 


U     z=    Tt 


From  Equation  VI  we  get  the  distance,  h,  between  two  points  in 
which  the  elastic  curve,  if  prolonged,  would  intersect  the  load  line. 

'^^ XIX 

w 

This  is  Euler's  formula  for  the  length  of  an  ideal,  centrally- 
loaded  column.  The  distances,  m  and  m  -[-  I,  from  the  end  of  the 
ideal  column  to  the  two  ends  of  the  actual  column  will  be,  according 

to  Equation  VI, 

h  .     M, 

m  =       arc  sin.    ^  j: 

n  M 


XX 


m  -\-  I  =      arc  sm.   ,/ 


XXI 


From  these  values  of  m  and  m  -\-  I  it  will  be  seen  whether  or  not 
the  maximum  moment  falls  within  the  actual  length  of  the  column. 
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Let  J/g  be  the  moment  at  the  middle  of  the  cohimn.     Aceordins  to 
Equation  \I 


M„  =   M.   sill. 


According  to  Equation  XIII 
3f,  =  3/,  (.in.  m  ^^j  COS.  1  ^^^-^  +  cos.  ra  ^^-j  sin.  /  ^^j)   = 

i^/,    (^sm.  m  ^j^j-  COS.-  .^^^j-  sni.  m  ^^  sm.-   ^^^^-^ 

llv       /    jlr       I    |lr\ 

+  ■>  COS.  m  ^j^^iu.  ._,  ^^cos.  2  ^j^j) 


hence 


ilf,.  COS.  m  .  K=r^sin 


2 


2  COS.  .^^ 


sj^l-  ^°«-'  2^\|¥J  ,    ^^  ^^"-  "'  nJ^I  '"'•'  1\|] 


sm.  m  ^^j  COS.-  ^-^^  sin.  ».  ^^  sin.-  -^^^ 

I    llv  ^^  "  I    I'W 

^^■^*^-  2\JfT  ^^■"^-  2\/¥J 

Inserting  this  value  in  Equation  XXIII,  we  have 

^ rn^  +  ^  -2   ^"^-  "'  NJ^i  ^"^-  -rsJEl 

"-''''■    2    sJeI 

I'W   .    .,  I      I  W 

sm.    ///       I 


sm.   ru   s^^jsm.--^    ^^^ 


^  •^«^-  -2    \!eI 


3/^=  ^11 

^  ''''■  -2  4eI 
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(Substituting  J/^  for  J/^siii.  ///      l^_    as  per  E(iuati<)n  XII.  we  have 

3/,^-^^L±iL XXIY 

2  COS.  J        Z 

Hence  it  is  seen  that  when,  as  is  usually  the  case  in  buildings, 

I     llv 

Jieie  is  but  little  variation  in  the  function,  ,  for  anv  two  ad- 

'    2   \EI 

joining  stories,  M  may  be  taken  as  proportional  to  the  average  of 
21^  and  M^.  This  implies  that  we  may,  without  great  error,  neglect 
the  curvature  of  the  moment  diagram  when  the  theorem  of  four 
moments  becomes :"" 

Ji    (J/j  +  2  3Q  +  -j'    (2  M,  4-  J/J  =  0 XXV 

Any  possible  irregularity  in  a  column,  such  as  a  bend,  an  unsym- 

metrical  distribution  of  the  material,  or  a  variation  in  the  modulus 

of  elasticity,  may  be  reduced  to  an  equivalent  eccentricity  of  loading. 

This  equivalent  eccentricity,  which  we  will  call  c,  may  be  deduced 

from  experiments  by  means  of  Equation  V,  if  we  substitute  c  for  y, 

I     I  W  I  JY 

COS.  __  f or  sin.  ;r      I (provided  that  the  specimen  is  supiilied 

■2\EI  \EI^^  ^  ^^ 

with  round  or  knife-edge  bearings,  as  it  should  be,  in  order  to  give 
Tellable  results),  and  insert  the  actual  value  of  the  deflection,  which  is 

D=^^'-"^   XXVI 

a  W 

lience 

I(s  —  w)  I     IW 


^"        aW       ^^''■2SJEI 


c=^'^^-"^cos.A,fc XXVII 

a  ic  2  r\  E 

-where  /•  is  the  radius  of  gyration,  and  w  the  average  unit  stress. 

For  immediate  practical  use,  c  may  be  deduced  from  the  par- 
ticular building  law  or  specification  under  which  the  work  is  to  be 
executed.  Thus  the  writer  gets,  from  the  New  York  building  law, 
a  c  for  steel  columns  equal  to    ^V  ^^-  P^r  foot  of  column  length,  and 

*  See  the  writer's  paper  •'  The  Theory  of  Frameworks  with  Rectangular  Panels,  and 
its  Application  to  Buildings  which  have  to  Resist  Wind,"  in  Transactions,  Am.  Soc.  C. 
E.,  Vol.  LV,  p.  413. 
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for  cast-iron  columns  it  becomes  one-third  of  the  radius  of  gyration. 
These  values  are  round  figures,  which,  in  the  writer's  opinion,  har- 
monize with  the  spirit  of  the  law. 

The  actual  values  vary  with  length,  radius  of  gyration,  and  dis- 
tance to  extreme  fiber.  This  value  for  c  must  be  added  to  every 
actual  eccentricity,  so  that  Equation  XVII  becomes 

M^  —  Jfg  +  31^  -f  n\  Cj  -f   W.^  c.,  =  0 XXVIII 

When  there  is  considerable  difference  between  the  numerical 
values  of  M^  and  M.^,  M^  must  be  calculated  by  Equation  XIX,  but 
when  they  are  about  equal  and  of  the  same  sign  the  simpler  for- 
mula. Equation  XXIV,  may  be  used,  as  there  will  then  be  but  little 
difference  between  3[g  and  31^.  When  31^  and  31.,  are  of  about  the 
same  numerical  value,  but  of  opposite  sign,  as  is  usually  the  case 
in  buildings,  3f^  falls  outside  the  actual  length  of  the  column  and, 
therefore,  need  not  be  considered,  the  length  being  seldom  greater 
than  half  the  distance  between  the  maximum  moments.  The  New 
York  building  law  allows  a  maximum  length  of  64%  of  that  dis- 
tance. 

From  Equation  XXV  it  is  seen  that  when  there  is  not  much 

difference  in  the  functions,    ^   and  3f,  of  the  various  stories,  we  may 

assume 

3£,  =  —  3f,  =  3f^  =  —  31, 
We  then  get  the  following  simple  formula  which  will  cover  most 
cases  of  eccentric  loading  occurring  in  buildings: 

_  3A,  =  .T/3  =  ir  (c  +  ^  ) XXIX 

where  h  is  the  eccentricity  of  the  resultant  load.  The  only  con- 
dition to  be  fulfilled  by  each  of  these  moments  being 

M^  ^^,   (p  —  w) XXX 

p  being  the  safe  compressive  stress  of  the  material. 

When  there  are  moments  in  two  directions  at  right  angles  to- 
each  other  the  best  way  is  to  calculate  the  column  in  the  two  direc- 
tions separately,  and  then  add  the  resulting  unit  stresses.  Equation 
XXX  then  becomes 

^+    ^^S=^_,, XXXI 

If  an  eccentric  load  be  applied  to   a  column  at  a  point  inter- 
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mediate  between  two  fixed  points  or  floor  levels,  Equation  VII  be- 
comes (Fig.  3) 

6^  S,  a^  —  a.,  a.,  — a, 

h      ^     1       ~    ~~i + 


l, 


h 


h 


J/i 

5, 

\ 

/ 

^ 

-5 

J\I, 

/ 

, 

\ 

^[  :/ 

A- 

/ 

J/\a 

/"" 

j/A 

\ 

i-i 

/ 

:i^G 

]"'■ 

\ 

-5, 

7 

'(>-, 

. 

(i 

J/ 

\ 

.XXXII 


Fig.  3. 
where  otj,  a,  and    a^   are    the   deflections  of   three    successive  points 
at  whieb  external  forces  are  applied.     We  also  need  an  equation 
covering  three  sections  or  column  lengths 
^1  S^      _ 
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Avhere  d^  is  the  deflection  of  the  lower  end  of  the  lower  section  meas- 
ured from  the  tangent  to  the  elastic  curve  at  the  upper  end  of  the 
middle  section.     Hence 

Avhere  63  and  S^  correspond  in  the  middle  and  hottom  sections  to  8^ 
and  §2  of  the  top  and  middle  sections.     Hence 

Ik  +  A   .       ^3^3      +     ^4     _  0 XXXIII 

If  we  now  insert  the  various  values  of  d  in  Equations  XXXII 
and  XXXIII,  we  get  the  final  equations.  The  exact  values  are 
given  by  Equations  VIII,  IX  and  XV,  but,  for  practical  purposes, 
the  approximate  value  used  in  Equation  XXV  will  be  sufficiently 
accurate.     The  equations  then  become: 

=  c,E  ^^1  7 -^' +  iiizn^n  ....XXXIV 


(^V'+^^O- 


-]|    (.¥,  +  2  M,)  +   -|   (2  3f,  +  M,)  +  x;-(-,7+y  (*3  +  2  M,) 

+  ,j~^^ViM,  +  M,-,^O....XXXy 

By  means  of  Equations  XXVI  and  XXXIV  we  find  the  various 
moments,  as  previously  explained;  not  the  absolute  value,  however, 
l)ut  a  value  expressed  in  terms  of  a,  which  is  the  deflection  of  the 
unsupported  point.  The  value  of  a  is  found  by  applying  Equation 
XXXV  to  the  two  sections  above  the  unsupported  point  and  the  one 
below  it.  The  equation  may  also  be  applied  to  the  two  sec- 
tions below  and  the  one  above,  if  it  be  reversed,  that  is,  if  ilf^  and 
Mq,  Mr,  and  M^,  M^  and  M^,  l^  and  l^,  exchange  places. 

If  the  column  is  only  two  sections  long,  one  above  and  one  below 
the  unsupported  point,  and  pin-connected  at  both  ends,  the  above 
formulas  cannot  be  used,  for  the  problem  is  then  a  statically  deter- 
mined one.  When  the  bottom  end  of  a  column  is  fi^ed,  the  founda- 
tion may  be  considered  as  a  section  of  the  column,  the  moment  of 
inertia  of  which  is  infinite. 

As   to   centrally-loaded   columns,   the   writer   would   suggest   the 
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following  modification  of  the  present  practice,  namely,  that,  insteac? 
of  proportioning  a  column  according  to  its  own  length  alone,  it 
would  be  better  to  take  the  length  as  one-half  the  distance  from  the 
middle  of  the  story  belov/  to  that  of  the  story  above.  By  the  present 
practice  the  long  columns  are  made  relatively  stronger  than  the 
short  ones. 
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When,  in  the  course  of  professional  practice,  new  facts  are  dis- 
•covered  which  either  broaden  or  contradict  previously  accepted  be- 
liefs, it  is  a  professional  duty  to  present  the  results  and  deductions, 
after  careful  examination,  for  the  common  benefit  of  our  fellow 
workers. 

"Prove  all  things;  hold  fast  that  which  is  good." 

In  the  execution  of  the  superstructure  of  the  Quebec  Bridge,  with 
its  1  800-ft.  channel  span,  the  great  magnitude  of  the  members,  the 
high  working  strains,  and  other  features  of  the  work  have  demanded 
■careful  study  of  many  points,  which,  in  ordinary  bridges,  could  be 
and  have  been  overlooked  or  neglected  as  of  small  importance. 

This  paper  will  be  confined  to  the  new  facts  developed  in  regard 
to  eye-bars. 

It  was  a  surprise  and  a  cause  of  much  anxiety  to  the  writer  to 
discover  how  defective  was  our  knowledge  of  the  eye-bar. 

As  a  general  rule,  we  have  failed  to  recognize  that  the  real 
elongation  of  an  eye-bar  is  from  out  to  out  of  pin-holes,  and  not 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  Invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions, 
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from  center  to  center  of  pins.  We  have  carefully  determined  its 
elongation  and  elastic  limit  over  a  certain  length  of  the  parallel  bar, 
and  then  accepted  this  determination  as  equally  true  when  applied 
to  the  whole  bar.  We  have  assumed  that  a  set  of  bars  carefully 
bored  to  an  exact  length  would  all  pull  to  an  equal  strain,  as  long  as 
the  elastic  limit  measured  on  the  body  of  the  bar  was  not  exceeded. 
All  these  beliefs  and  assumptions  are  incorrect. 

In  ordinary  bridges  this  has  not  been  a  matter  of  much  im- 
portance, owing  to  the  low  unit  strains  and  the  small  change  in  the 
deformations. 

Deschiption  of  the  Investigation. 

In  AugTist,  1904,  the  manufacture  of  the  eye-bars  for  the  anchor 
arms  of  the  Quebec  Bridge  was  well  under  way  when  the  question 
arose  as  to  what  clearance  should  be  allowed  between  the  pins  and 
pin-holes.  The  eye-bars  forming  the  tension  members  were  15  in.  in 
width,  from  1;^  to  2^^  ^^-  ^^  thickness,  and  of  lengths  from  50  to 
58  ft.  The  pins,  except  in  a  few  special  cases,  were  12  in.  in 
•diameter  and  from  8  to  10  ft.  in  length.  The  maximum  joint  has 
58  bars  on  one  pin. 

After  discussion,  it  was  decided  that  the  clearance  necessary  for 
the  purposes  of  erection  should  not  be  less  than  3'^  nor  more  than  ^ 
in.,  the  latter  being  about  the  proportion  given  to  ordinary  bridge 
pins. 

As  the  maximum  working  strains  are  higher  than  in  usual 
practice,  being  about  21  000  lb.  per  sq.  in.  in  tension,  the  intensity 
and  distribution  of  the  local  pressures  from  the  pin  to  the  eye  of  the 
har  became  important. 

The  writer,  after  a  little  consideration  of  the  problem,  realized 
that,  while  the  local  pressure  must  be  very  great,  and  the  pin-holes 
must  deform  elliptically,  at  least  elastically  and  probably  per- 
manently under  the  proposed  working  strains,  the  solution  could 
only  be  obtained  by  experiment.  He  then  devised  a  method  of 
measuring  the  elongation  of  the  bar  from  out  to  out  of  pins,  while 
the  bar  was  strained  to  varying  amounts  in  the  testing  machine. 

Four  bars  with  different  clearances  were  prepared  and  tested  to 
12  000,  16  000,  20  000,  24  000  and  28  000  lb.  per  sq.  in. 

While  the  result  of  these  tests  (Nos.  646,  64Y,  648  and  649  of 
Table  2)  was  not  fully  satisfactory,  owing  to  the  crudeness  of  the 
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hurriedly  made  appliance,  and  the  difficulty  of  reading  the  fine 
measurements  in  the  limited  space,  they  showed  that  the  bars,  froni 
out  to  out  of  pins,  began  to  elongate  permanently  at  12  000  lb.,  and 
that  the  elongation  increased  with  each  increase  of  strain.  The- 
amount  of  the  pin  clearance  did  not  raodify  the  results  especially. 

Was  this  deformation,  even  at  low  strains,  a  peculiarity  of  this 
"make"  of  bars,  or  had  it  been  observed  in  other  tests  ?  Looking  up 
old  records,  the  writer  found  in  his  abstract  of  tests  made  at  the- 
St.  Louis  Bridge  in  1872,  that  of  58  eye-bars  put  to  the  proof  test 
of  18  000  lb.  per  sq.  in.,  5  showed  a  permanent  elongation  of  the- 
pin-holes  of  iV  i"v  52  of  them  ^V  in.,  and  1  of  them  ^^^  in.  These 
were  iron  bars. 

In  the  Watertown  "Tests  of  Metals"  for  1883,  there  were  found 
tests  on  6  steel  eye-bars,  where  the  permanent  elongation  betweert 
pin  centers  at  different  strains  is  -noted.  They  are  abstracted  irt 
Table  1. 

TABLE  1.— Bars.  6^  by  1  ix.;  Pins,  o  in.;  Excess,  10  per  cent. 
AT  sides;   End  Section,   86  per  cent. 


1          Stretch  of  Bar 
No.  of    , 

,   OUT  TO  OUT   OP   PiN-HOLES,    IN   INCHES. 

Ultimate 

Bar. 

10  000 

1 

20  000 

25  000 

30  000 

35  000 

0.090 
0.060 
0.050 
0.070 
0.175 
0.060 

40  000 

Streugth. 

4582  '      0.015 

4583  O.OlO 

4584  0.U15 

4585  0  020 

4586  0.020 

4587  0.010 

0.020 
0.020 
0.020 
0.025 
0.030 
0.015 

6!  025 
0.025 
0.030 
0.030 
0.025 

6;646 

0.040 
0.045 
0.045 
0.030 

2.72 
2.03 

67  800 

64  000 

65  000 
65  850 
64  400 
6«  290 

It  became  evident,  therefore,  that  the  stretch  of  the  eyes  of  eye- 
bars  was  not  peculiar  to  the  present  "make"  of  bars,  but  had  always- 
occurred. 

As  it  was  important  to  push  the  construction  of  the  work,  it  was- 
decided  to  give  the  12-in.  pins  ^\  in.  clearance,  and,  for  the  anchor 
arms  then  under  construction,  to  add  an  extra  allowance  of  3V  in. 
to  the  elastic  elongation  of  each  eye-bar  for  camber  determinations; 
and  should  the  further  and  fuller  tests,  then  determined  upon,  show 
this  to  be  too  much  or  too  little,  the  correction  could  be  made  in  the 
cantilever  arms. 
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The  importance  of  the  permanent  stretch  of  the  eyes,  as  affecting 
the  structure  in  other  directions,  was  not  overlooked,  but  the  data  so 
far  obtained  were  too  few  to  furnish  any  definite  conclusions. 

Preparations  were  made  for  fuller  tests,  and,  to  eliminate  the 
difficulties  of  the  first  method  of  measuring  the  stretch  and  also  to 
get  the  action  of  each  eye  independently,  the  following  method  was 
adopted :  Measure  each  bar  from  out  to  out  of  eyes,  and  calliper 
each  eye  longitudinally  and  transversely  before  putting  it  in  the 
testing  machine.  Then,  after  straining  the  bar  to  12  000,  16  000, 
20  000,  etc.,  lb.  per  sq.  in.,  remove  it  from  the  machine  and  repeat 
the  measurements. 

In  preparing  the  bars  for  test,  it  was  determined  to  get  from 
bars  already  made  such  a  selection  as  would  give  a  wide  range  in 
"heat  numbers,"  "thicknesses,"  "proportions  of  the  head,"  and  "pin 
clearances."  Some  of  the  bars  were  specially  bored  to  change  the 
proportions  of  the  head  and  the  pin  clearances,  and  two  bars  with 
visible  flaws  in  the  head  were  selected. 

This  selection  covers  Bars  Nos.  705  to  718.  The  later  bars  are 
those  which  have  since  then  been  selected  from  time  to  time  for  the 
usual  proof  tests. 

In  Tables  2  and  3  all  the  important  data  of  the  tests  so  far  made 
have  been  entered. 

The  records  have  been  given  as  recorded.  It  will  be  noticed 
that  the  tape  measurements  from  out  to  out  of  eyes,  while  they  agree 
reasonably  well  with  the  sum  of  the  elongations  of  the  two  eyes  in 
most  cases,  differ  in  other  cases.  This  may  be  partly  due  to  errors 
of  measurement  and  partly  due  to  the  measurements  being  taken  on 
one  side  of  the  bar  only;  which,  in  the  case  of  the  bar  being  warped 
by  the  strain,  would  not  give  the  exact  length. 

It  should  also  be  noted  that  in  taking  out  and  replacing  the  bar, 
if  it  did  not  get  the  exact  position  it  first  occupied  on  the  pin,  there 
would  be  an  additional  elongation  of  the  hole  before  it  got  its  proper 
bearings. 

A  number  of  the  bars  were  additionally  tested  by  trying  to  main- 
tain a  constant  strain  for  several  hours,  to  determine  the  effect  of 
time.  There  was  an  increase  of  stretch,  but  it  is  believed  to  be  at 
least  partially  due  to  the  difficulties  of  holding  a  constant  pressure 
on  the  machine  for  a  long  time. 
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To  illustrate  the  method  of  the  testing,  one  detailed  test  is  here 
given : 

February  8th,  1905.    Test  Xo.  711.     Bar,  1.-)  by  1^^  in.     Heat  number, 

U  069. 
Head  A.  Head  B. 

21.46  by  l.(i4  in.  21.60     by    1.62     Elastic  Hmit,  . '52  S.50  lb. 

Excess,  49.4^/.  in.  Vltimate  strength,  .58  960 

Original    area    of     bar,      Excess,   48.5%.         lb. 

23.56  in.  Fracture,  40^5'  silky,  m% 

Fractured  area    of    bar,  tine       granular,      half 

i;j.66  in.  cupped. 

Diameter  of  testing  machine  pin,  11.98  in. 

TABLE  4. — Detailed  Observations. 


Strain  per  squa'e  inch,  in 
pounds. 


*>      1 

12  000 ■] 

16  000 -] 

20  000 j 

24  000 j 

24  000  after  first  2  hr | 

24  000  after  second  2  hr } 

24  000  after  third  2  hr ] 

After  rupture * 


Diameters  of  Pin  Holes. 


r 12.032 
L  13.031 
r 12.032 
L  12.031 
r 12.032 
i  12.031 
r 12.032 
L  12.031 
T12.(m 
Z- 12.040 
r 12.031 
L  12.040 
r 12.030 
i  12.064 
r 12.030 
L  12.064 
T 12.00 
1.14.12 


r 12.050 
L  12.050 
r 12.050 
L  12.050 
T 12.050 
L  12.053 
T 12.050 
L  12.060 
ri2.048 
L  12.075 
r 12.047 
L  12.084 
r 12.047 
L  12.095 
r 12. 047 
L  12.095 
T 12.00 
i  14.66 


Out  to  out  of  10  ft.  on  body 
pin-holes.    |       of  bar. 


15-9  i\ 


15-93^5 
15-9S 


10-O.V 


After  a  number  of  tests  had  been  made,  from  12  000  to  24  000  lb., 
it  was  found  that  the  important  data  could  be  obtained  with  less 
frequent  removals,  and  thus  save  much  time  and  labor.  Therefore, 
with  the  exception  of  some  special  tests,  the  records  afterward  were 
taken  only  at  20  000  and  24  000  lb. 

In  testing  two  connecting  links,  Nos.  758  and  759,  made  of  plates 
riveted  together,  four  bars,  Nos.  760-763,  were  used  to  make  con- 
nection with  the  testing  machine.  The  data  for  these  members  were 
extended  over  a  wider  range,  but  not  carried  to  rupture,  as  the  un- 
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supported  eyes  of  llie  links  bogan  to  buckle  in  advance  of  the  pins 
at  the  higher  strain. 

On  plotting  the  results,  using  the  stretch  of  the  holes  after 
rupture  as  the  upper  limit,  it  was  found  that  the  stretch  of  the  eyes 
at  various  strains  per  square  inch  followed  a  regular  curve,  diflPering 
for  the  different  bars,  but  ail  having  one  general  form.  Fig.  1. 


TYPICAL  CURVES,  SHOWING  STRETCH  OF  TWO  EYES        /      / 

/        / 
AT  DIFFERENT  STRAINS  PER  SQUARE   INCH.        .    /      /  W 

/        / 
/        / 


In  order  to  save  confusion  by  plotting  each  particular  curve,  the 
bars  have  been  arranged  in  eight  different  classes,  according  to  their 
stretch  (covering  both  eyes).  The  average  of  each  class  is  plotted 
in  Fig.  2  on  a  larger  scale  than  Fig.  1. 
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In  addition  to  the  previous  observations,  a  number  of  the  heads 
were  scribed  with  fine  lines,  longitudinally  and  transversely,  dividing 
the  heads  into  spaces  2  in.  square.  After  the  rupture  of  the  bars, 
these  lines  were  traced  and  plotted,  for  comparison  with  the  plots 


Fig.  2. 


of  the  lines  on  the  original  bars,  to  determine  the  relative  flow  of  the 
metal  in  different  parts  of  the  head. 

It  would  be  difficult  to  reproduce  these  tracings  on  a  small  scale. 
In  Fig.  3  the  principal  and  important  changes  from  the  original  di- 
mensions are  shown,  and  the  values  are  given  in  Table  5. 
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The  line,  X  Y,  is  the  transverse  line  through  the  center  of  the 
original  pin-hole.  The  curved  lines  tangent  to  the  elongated  pin- 
hole are  the  forms  taken  by  the  straight  lines  tangent  to  the  original 
hole  before  straining  the  bars.  The  upper  part  of  the  pin-hole  is  held 
tf  the  form  and  diameter  of  the  pin  and  has  elongated  more  than  the 
lower  half.     The  diameter  of  the  lower  half  has  decreased  by  the 


DEFORMATION  OF  HEADS  OF  EYE-BARS  UNDER  RUPTURE. 


S-Y  is  line  through  center  of  original  pin-hole 
Fig.  3. 

transverse  closing  in  of  the  material  under  the  pull.  At  the  top  of 
the  pin  the  metal  of  the  head  is  decreased  in  depth  by  the  com- 
pression. The  transverse  dimensions  across  the  eye  and  neck  are 
reduced  by  the  flow  of  the  metal  under  tension.  It  is  interesting  to 
note  that  with  these  proportioned  heads  the  distances,  H  and  H',  on 
the  outsides  of  the  heads  opposite  the  pins,  have  elongated  very 
little  or  not  at  all,  which  would  indicate  that  the  periphery  of  the 
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heads  at  these  points  had  not  been  strained  much  more  than  the 
elastic  strength  of  the  metai,  though  the  bar  had  been  strained  to 
rupture.  It  should  be  noted  that  in  some  of  the  10  and  8-in.  bars 
this  distance  on  one  side  has  been  decreased,  indicating  a  compressive 
distortion  on  one  side.  As,  in  two  cases,  it  was  as  much  as  yV  and 
^\  in.,  it  would  not  appear  to  be  due  to  errors  in  measurement,  the 
portion  of  the  metal  most  severely  taxed  being  that  portion  of  the 
intrados  of  the  eye  lying  between  the  horizontal  and  curved  lines  at 
the  top  of  the  pin. 

The  head,  No.  708  A,  pulled  unequally  in  the  neck,  one  side,  G, 
decreasing  1:^  in.,  while  the  other  side,  F,  only  decreased  |  in., 
showing  softer  metal  at  one  side  than  the  other. 

The  difference  in  the  pulling  of  the  heads  of  No.  710  may  be 
partly  due  to  the  fact  that  No.  710  A  was  thicker,  having  an 
excess  of  53%,  while  No.  710  B  had  only  44  per  cent. 


Fig.  4. 

Similar  observations  were  made  upon  some  8  and  10-in.  bars, 
with  like  results. 

The  heads  of  the  riveted  links,  not  strained  to  rupture,  showed  a 
different  action. 

All  the  transverse  lines  below  the  center  of  the  pin  and  those 
more  than  12  in.  above  the  center  of  the  pin  moved  in  a  parallel  di- 
rection, while  those  from  the  center  of  the  pin  to  about  12  in.  above 
tcok  a  curved  form  as  shown  in  Fig.  4. 

This  was  due  to  the  absence  of  any  neck  below  the  pin,  and  to 
the  greater  stiffness  of  the  material  above  the  pin  to  resist  bending. 

Consideration  of  the  Results. 

As  far  as  relates  to  the  original  purpose  of  the  first  tests,  viz.,  to 
determine  the  effect  of  the  pin  clearances,  the  tests  give  no  definite 
answer.     The  different  pin  clearances  vary  from  0.031  to  0.084  in. 
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While,  no  doubt,  the  pin  clearance  has  some  influence  on  the  stretch, 
of  the  eyes,  it  is  hidden  in  the  far  greater  influence  of  other  factors. 
The  eyes  would  undoubtedly  elongate  permanently  were  the  pins 
fitted  perfectly  tight. 

In  like  manner,  the  influence  of  the  percentages  of  excess  of  the 
head  is  indeterminate.  Bar  No.  709,  with  excesses  of  31  and  43%,. 
gave  the  same  result  at  each  eye.  The  eight  eyes  of  the  four  bars 
Nos.  760-3,  which  were  made  from  one  mill  bar,  gave  the  following 
elongations  at  24  000  lb.: 

Head.                   .                Excess.                            Elongation. 
763   B 51% 0.062 

762  A 52     0.090 

763  A 55     0.033 

761   A 56     0.085 

761  B 59  0.037 

762  B 59  0.039 

760  A 62  0.060 

760  B 66  0.04S 

In  these  and  other  tests,  however,  there  appears  to  be  an  in- 
fluence due  to  the  excess  of  material  at  the  end  of  the  eyes,  which, 
would  indicate  that  for  the  best  results  this  excess  should  be  limited. 

In  the  Watertown  tests  quoted,  and  in  the  riveted  links  Nos. 
758-9,  the  frontal  section  in  the  flrst  being  86%,  and  in  the  second 
119%,  of  the  body  of  the  piece,  the  material  at  the  end  of  the  eye- 
tended  to  buckle  instead  of  stretching,  as  is  the  case  with  smaller 
percentages  in  the  end  of  the  head.  The  study  of  the  present  tests 
leads  the  writer  to  believe  that  a  great  stretch  of  the  eyes  before 
rupture,  heretofore  considered  as  showing  a  tough  and  tenacious 
material,  is  no  more  desirable  than  a  tendency  to  buckle  in  front  of 
the  pin.  The  best  proportions  of  head  to  resist  the  elongation  of  the 
eyes  under  the  working  strains  cannot  be  decided  by  the  present 
tests.  It  is  thought  probable  that,  for  circular  heads,  50%  excess 
across  the  eye,  thus  making  the  end  section  75%  of  the  bar,  would 
be  a  favorable  proportion. 

In  a  general  examination  of  the  tests  it  will  be  seen  that  the 
bars  of  the  higher  tensile  strengths  gave  the  better  results. 

Before  the  tests  had  gone  very  far,  it  was  decided  that  the  tensile- 
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strength  should  be  advanced,  the  percentages  of  the  heads  increased, 
and  the  pin  clearances  for  the  bridge  bars  limited  to  y\  in. 

While  the  pin  clearances,  excess  of  heads,  tensile  streng-th,  and 
thickness  of  the  bars,  as  affecting  the  tensile  qualities,  undoubtedly 
have  some  influence  upon  the  stretch  of  the  eyes,  they  do  not  give  a 
full  explanation. 

The  original  bridge  bars,  being  more  than  60  ft.  long,  were  cut  in 
half  and  additional  eyes  made,  so  as  to  make  two  test  bars.  In  one 
case,  above  mentioned,  four  test  bars  were  made  from  one  bridge  bar. 

The  four  heads  of  Bars  Nos.  706  and  707  (s^ime  original  bar)  give 
stretches,  at  24  000  lb.  per  sq.  in.,  ranging  from  0.135  to  0.266  in.,  or 
about  as  1  to  2.  That  a  long  bar  (more  than  50  ft.),  would  differ  in 
quality  at  the  two  extremes,  does  not  explain  the  difference,  for,  on 
any  assumption  as  to  which  two  heads  were  made  at  the  adjoining 
cut  ends,  there  is  still  a  minimum  difference  of  stretch  of  0.059  in. 

Similarly,  for  Nos.  708  and  709  there  is  a  range  from  0.032  to 
0.106  in.  with  a  minimum  difference  for  any  two  adjoining  heads  of 
C.074  in. 


Fig.  5. 

It  will  be  noticed  that  the  bars  first  tested  gave  the  worst  results 
(and  it  was  fortunate  that  this  was  the  case,  for  otherwise  the  neces- 
sity for  a  fuller  series  of  tests  might  not  have  been  recognized),  pre- 
sumptive evidence  that  more  care  had  been  taken  for  the  later  bars. 
The  manufacturers  and  the  inspectors  assured  the  writer,  however, 
that  no  change  had  been  made  in  any  of  the  processes  of  the  manu- 
facture of  the  later  bars.  It  was  then  decided  to  cut  samples  from 
the  two  worst  heads,  Nos.  705  B  and  706  A,  and  from  one  of  the  best. 
No.  711A,  for  nicked  fractures  and  for  tensile  test,  to  see  what  the 
difference  would  be. 

Samples  Nos.  1  and  2  were  cut  from  each  side  of  the  head.  No.  3 
from  the  neck,  and  No.  4  from  the  body,  of  the  bar,  as  shown  by 
Fig.  5. 
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The  nicked  fractures  of  the  samples  cut  from  Nos.  705  and  706 
showed  the  same  uniform  fine  granular  structure  with  a  clear  bright 
luster.     No  difference  could  be  detected  between  the  several  samples. 

For  No.  711,  the  samples  showed  a  slightly  coarser  grain,  with  a 
suspicion  of  yellowish  tinge  in  the  samples  from  the  head  and  neck. 

These  samples  were  examined,  while  fresh,  by  practical  steel 
workers  and  experts.  All  agreed  that  they  indicated  nothing  which 
Avould  explain  the  different  action  of  these  heads. 

The  tensile  tests  (samples  unannealed)  are  shown  in  Table  6. 

TABLE    6.— Tensile   Test.s. 


Head. 
No. 

No.  of 
Sample. 

Ultimate 
Strength. 

Elongation 
in  8  in. 

Reduction 
of  area. 

Fracture. 

705  B 

1 

3 
4 

56  730 
60  870 
59  260 
61680 

26%- 
25 
26 
28.2 

52.8^ 
53.8 
56.5 
56.6 

Silky,  cup. 
"     angular. 
"     cup. 
"     angular. 

706  A 

1 
2 
3 
4 

62  400 
62  750 
60  060 
75  760 

23 
24.5 

25.5 
9.5 

51.9 
48.8 
59.1 
50.6 

Silky,  angular. 

711   A 

1 
2 
3 
4 

64  800 
64  960 
69  900 
80  760 

23.2 
19.5 
26 

8 

55.7 
51.7 
50.2 
46.7 

Silky,  angular. 
"     i  cup 
"     angular. 
"     cup. 

Another  sample  cut 
from  tbe  body  of 
bar    No.    711,    an- 
nealed. 

1 

1-         5 

J 

60  430 

25.8 

55.8 

Silky. 

Note  :  As  Bar  No.  705  broke  at  a  flaw  in  the  head,  B,  the  full  tensile  strength  of  the 
bar  was  not  developed. 


An  examination  of  the  tests  for  the  riveted  links,  Nos.  758  and 
759,  shows  that,  even  here,  where  there  were  no  heat  treatments, 
either  of  forging  or  annealing,  the  stretch  of  the  eyes  varied,  the  two 
eyes  of  No.  759  varying  at  each  strain,  and  at  24  000  lb.  the  differ- 
ence was  0.038  in. 

An  inspection  of  Figs.  1  and  2  shows  that  each  class  of  bars, 
after  giving  a  steadily  increasing  stretch,  up  to  a  certain  point  for 
each  class,  then  begins  to  yield  more  and  more  rapidly,  the  bars  of 
the  higher  tensile  strength,  as  a  rule,  and  presumably  the  harder 
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bars,  resist  this  breaking-  down  up  to  a  higher  jDoint.  The  unequal 
pulling  of  the  metal  in  different  heads  and  in  different  parts  of  the 
same  head,  as  shown  in  Table  5  and  Fig.  o,  shows  that  the  metal  is 
not  homogeneous,  but  is  softer  in  some  bars  and  in  different  parts 
of  the  same  bar.  It  is  probable  that  the  breaking  down  of  the 
metal  in  front  of  the  pin  vuiequally  is  a  large  factor  in  the  problem. 

It  is  undoubtedly  a  great  mistake  to  seek  a  soft  and  ductile  eye- 
bar  by  using  either  low  tensile  material  or  softening  processes. 

To  get  the  best  results,  we  must  either  use  steel  of  a  higher 
grade,  or  else  stretch  the  eyes  longitudinally,  cold,  before  the  final 
boring  to  exact  length,  or  do  both.  The  writer  believes  that,  with, 
proper  appliances,  eye-bars  can  be  made,  which  will  not  stretch  in 
the  eyes  within  the  maximum  working  strains,  without  greatly  in- 
creasing their  cost. 

As  the  tests  here  recorded  have  extended  over  a  year's  time,  and 
every  effort  has  been  made  to  have  them  fairly  represent  the  bars  as 
manufactured  from  time  to  time,  it  is  believed  that  the  actual  bridge 
bars  will  be  better  than  those  tested,  the  pin  clearances  and  propor- 
tions of  the  heads  being  better  and  the  tensile  strength  somewhat 
higher. 

These  tests  do  not  take  any  account  of  the  elastic  elongation  of 
the  eyes,  which  no  doubt  occurs,  but  would  probably  be  small  and 
constant  for  the  different  bars. 

Practical  Consideration  and  Application  of  the  Results  of 

THE  Tests. 

Upon  the  development  of  the  fact  that  eye-bars  were  not  per- 
fectly elastic  even  at  low  working  strains,  and  took  an  increasing- 
permanent  stretch  with  increasing  loads,  it  became  a  grave  question 
as  to  "How  will  a  series  of  such  bars  pull  together?" 

If  two  or  more  bars  with  different  curves  of  stretch  are  strained 
to  a  fixed  amount  on  the  same  pins,  the  parallelism  of  which  is 
assured,  the  total  elongation,  A  C ,  in  Fig.  6,  would  be  equal,  but  the 
permanent  elongations,  B  C,  being  different,  the  elastic  elongations, 
A  B,  must  have  a  like  difference. 

The  elastic  elongations,  A  B  -\-  A'  B' ,  corresponding  to  the  total 
load,  must  be  divided  between  the  two  bars  proportionately  to  A  B 
and  A'  B'.     The  difference  of  strain  on  the  two  bars  will  depend 


30  NEW    FACTS   ABOUT    EYE-BARS.  [Papers. 

upon  the  ratio  of  the  difference  of  permanent  stretches,  B  B' ,  to  the 
average  elastic  elongation,  A  B  -\-  A'  B'  ^-  2. 

The  permanent  stretch,  at  any  working  strain,  being  independent 
of  the  length  of  the  bar,  while  the  elastic  elongation  is  proportionate 
to  the  length  of  the  bar,  the  difference  of  strain  in  two  snch  bars 
will  be  less  as  the  lengths  of  the  bars  are  greater. 

J^ ,»»»••••••• 

—  _    ••••*••      I 

A'  B  C , 

Fig.  0. 

In  Fig,  1  the  line,  A  B,  is  the  elastic  line  for  a  bar  50  ft.  long. 
The  vertical  ordinates  between  A  B  and  A  G  give  the  elastic  elonga- 
tions of  a  bar  of  this  length  for  any  strain  per  square  inch.  The 
vertical  distances  from  A  G  \o  the  curve  of  any  bar  gives  its  per- 
manent stretch  for  each  strain.  Any  line,  A'  B' ,  drawn  through  the 
curves  of  stretch  of  the  several  bars  parallel  to  A  B,  will  give,  at 
the  points  of  crossing,  the  strain  on  each  bar  for  that  condition  of 
loading.  The  total  elongations,  being  between  two  parallel  lines, 
must  be  equal  at  these  points. 

For  bars  of  other  lengths,  the  elastic  line  must  be  changed  to 
suit  each  particular  length. 

Although  it  is  believed  that  the  actual  bridge  bars  are  better  than 
the  bars  tested,  it  will  be  assumed  that  the  various  bars  shown  in 
Fig.  2  cover  the  extremes  and  represent  the  variety  of  bars  to  be  used. 

By  drawing  any  line.  A'  B' ,  parallel  to  the  elastic  line  for  a  bar 
50  ft.  long,  and  taking  off  the  strain  on  each  set  of  bars,  we  can 
readily  get  the  average  strain  for  all  the  bars  and  the  limits  of  the 
variation,  for  example: 


Bar. 

No. 

Strain. 

Sum. 

1 

706 

17  600 

17  600 

2 

705-7 

19  200 

38  400 

1 

709 

19  750 

19  700 

12 

760,  etc. 

20  600 

247  200 

3 

711  " 

21  600 

64  800 

5 

710  " 

21600 

108  000 

3 

712  " 

21800 

65  400 

4 

713  " 

Average, 

22  450 

89  800 

31 

,  21  000 

650  900 

i'^M'^'J'*-]  NEW    FACTS   ABOUT    EYE-BARS.  31 

Wliicli  indicates  that  for  bars  of  this  kind,  when  pulled  together 
on  pins  held  parallel,  for  an  average  working  strain  of  21  000  lb. 
per  sq.  in.,  the  softest  bar  will  have  only  17  600  lb.  per  sq.  in.,  or  about 
S4%  of  the  average  strain;  and  the  hardest  bar  will  have  22  450  lb. 
per  sq.  in.,  or  about  107%  of  the  average — strains  not  dispropor- 
tionate to  the  capabilities  of  the  different  kinds  of  bars. 

For  the  longer  bars,  up  to  58  ft. — 50  ft.  being  the  minimum 
length— the  difference  in  strain  will  be  still  less. 

For  bars  of  short  lengths,  under  high  working  strains,  the  differ- 
ence in  strain  becomes  very  great,  which  renders  the  use  of  such 
bars  very  undesirable.  It  will  be  seen  that,  for  much  lower  working 
strains  and  short  bars,  the  bars  will  be  subject  to  a  like  variation  of 
strain,  with  long  bars  and  the  higher  strains. 

It  is  very  sure,  therefore,  that,  when  using  high  working  strains, 
as  are  required  for  structures  of  great  magnitude,  long  bars  only 
must  be  used,  if  this  stretch  of  the  eyes  cannot  be  overcome. 

Camber. 

For  the  working  strain  of  21  000  lb.  per  sq.  in.,  it  was  found  that 
a  full  set  of  bars  of  this  kind  would  take  a  permanent  elongation  of 
about  ^\  in.,  or  ^V  in;,  for  each  eye,  and  this  amount  was  provided 
for  in  all  camber  determinations.  Further,  it  is  thought  that  the 
probable  error  at  the  center  of  the  channel  span  will  not  be  more 
than  li  in.  either  way,  an  amount  of  no  importance. 

There  are  other  features,  connected  with  the  action  of  such  bars, 
which  have  been  considered  and  provided  for,  but  they  do  not  come 
within  the  scope  of  the  present  paper. 


Vol.  XXXII.  JANUARY,  1906.  No.  1. 


Mr.  Jacobs. 


AMEEICAN  SOCIETY  OF  CIVIL  ENQINEERS. 

INSTITUTED    1852. 


PAPERS  AND  DISCUSSIONS. 

This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


A  NEW  GRAVING  DOCK  AT  NAGASAKI,  JAPAN. 

Discussion.* 


By  Messrs.  Charles  M.  Jacobs^  E.  C.  Hollyday  and  L.  J.  Le  Conte. 


Charles  M.  Jacobs,  M.  Am.  Soc.  C.  E. — The  Japanese  engineers 
are  to  be  congratulated  on  avoiding  one  of  the  great  errors  made  in 
the  early  period  of  graving  dock  building,  namely,  in  the  width  of 
the  entrance.  They  have  avoided  this,  which  has  detracted  from  the 
usefulness  of  a  large  number  of  docks  in  Europe;  but  the  speaker 
suggests  that  they  have  committed  another  error  in  not  dividing  the 
dock  by  a  central  caisson  or  by  gates.  For  example,  the  dock  could 
be  subdivided  into  two  equal  lengths.  Looking  at  the  photograph, 
Plate  CII,t  it  will  be  observed  that  a  number  of  torpedo  boats  are 
on  the  blocks,  the  result  beirg  that  the  repairs  to  all  must  be  com- 
pleted, at  least  temporarily,  before  floating  out.  The  length  of  or- 
dinary trading  vessels  on  the  coasts  of  Japan  and  China  averages 
from  320  to  360  ft.  Assuming  that  a  seriously  damaged  vessel 
arrives  in  the  dock  for  repairs,  the  entire  dock  is  immediately  closed 
for  other  work  until  the  damaged  vessel  is  ready  for  refloating.  If 
there  had  been  a  midway  caisson,  or  gates,  the  seriously  damaged 
vessel  could  remain  at  the  upper  end  while  the  outer  section  of  the 
dock  would  remain  free  for  docking  vessels  requiring  light  repairs, 
painting,  cleansing,  etc.  Therefore  the  commercial  possibilities  and 
utility  of  the  dock,  with  comparatively  small  extra  expense,  would 

*  Continued  from  December,  1905,  Proceedings.    See  October,  1905,  Proceedings  for 
paper  on  this  subject  by  Naoji  Shiraishi,  M.  Am.  Soc.  C.  E. 
i  Proceedings,  Am.  Soc.  C.  E.,  for  October,  1905. 
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have  been  enhanced  considerably  by  its  snbdivision,  and  it  would  still  Mr.  Jacobs, 
be  available  when  required  for  ships  of  the  largest  tonnage. 

Another  point  in  the  paper  is  surprising,  and  that  is  the  expense 
of  the  adoption  of  cut  stone  overlying  the  concrete,  which,  according 
to  the  Hgures  of  costs  given  in  the  table,  was  about  seven  times  the 
cost  of  concrete.  It  is  beyond  all  question  that  the  utilization  of 
concrete  alone  for  graving  dock  construction  has  long  passed  the 
experimental  stage,  and  is  assuming  enormous  proportions  in  all 
classes  of  engineering  structures.  The  experience  of  the  speaker, 
in  building  a  short  time  ago  two  large  graving  docks  in  South 
Wales  entirely  of  concrete,  has  proven  that  concrete  is  absolutely 
satisfactory  in  maintenance,  notwithstanding  that  the  walls  of  this 
Welsh  dock  had  to  pass  through  most  treacherous  quicksand  before 
reaching  a  gravel  foundation,  and  that  the  total  rise  and  fall  of  the 
tides  was  32  ft.  Therefore  it  seems  to  be  an  unnecessary  extrava- 
gance to  place  a  granite  lining  on  top  of  the  concrete  when  the  latter 
is  just  as  efficient,  if  care  be  taken  to  enrich  the  outer  surfaces  of  the 
concrete  on  the  sides,  altars,  steps,  and  coping. 

The  speaker  hopes  he  may  also  be  pardoned  for  criticising  the 
assertion  in  regard  to  the  non-use  of  mechanical  power,  notwith- 
standing the  statement  as  to  the  cheapness  of  labor  in  Japan.  Take 
the  cost  of  the  dock  lately  completed  by  the  speaker  in  South  Wales, 
of  nearly  the  same  dimensions  as  the  Nagasaki  Dock.  The  contract 
price  for  the  Welsh  dock,  built  entirely  of  concrete,  and  having 
central  gates,  was  $445  000,  whereas  the  cost  of  the  Japanese  dock, 
notwithstanding  the  cheap  labor,  was  $700  000.  The  cost  of  labor 
in  Great  Britain  is  very  much  higher  than  in  Japan,  and,  with  the 
utilization  of  mechanical  power,  the  costs  have  proven  more  econom- 
ical. 

Another  point  in  the  paper  to  which  attention  has  been  called  is 
the  utilization  of  puzzolana  mixed  with  the  concrete  to  increase  its 
imperviousness.  The  great  difficulty  in  all  graving  dock  construc- 
tion is  to  obtain  water-tightness,  due  to  intermittent  stresses  on  the 
structure.  Particulars  of  this  important  feature  have  been  omitted. 
If  the  author  could  give  some  records  of  filtration  through  the  walls 
and  invert  it  would  add  very  much  to  the  interest  of  the  paper. 

E.  C.  HoLLYDAY,  M.  Am.  Soc.  C.  E. — The  speaker,  having  been  Mr.  Hoiiyday. 
engaged  in  the  construction  of  dry  docks  for  the  Navy  Department 
during  the  past  10  years,  believes  that  it  may  be  of  interest  to  state 
what  has  been  done. 

As  Engineer-in-Charge,  the  speaker  was  connected  with  the  con- 
struction of  the  timber  dry  dock  at  the  Puget  Sound  Naval  Station, 
completed  about  1896,  at  a  cost  of  $700  000.  This  dock  rests  on 
piles,  with  a  concrete  foundation  under  the  bottom  and  for  7  ft. 
on  the  sides  under  the  altars.     The  entrance  of  the  dock,  for  75  ft.. 
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Mr.  Hollyday.  including,  of  course,  both  gate  seats,  is  of  concrete  faced  with  cut 
stone.  The  pumps  are  operated  by  steam  engines.  It  is  the  only 
timber  dock  constructed  by  the  Navy  Department  which  has  proved 
serviceable  or  at  all  satisfactory.  At  about  the  same  time  that  this 
dock  was  being  built,  a  timber  dock  was  being  built  at  the  Port 
Eoyal  Naval  Station,  South  Carolina.  The  latter  has  never  been 
satisfactory,  and  has  seldom  been  used;  to-day,  it  is  scarcely  in  con- 
dition to  be  used  at  all,  and  certainly  not  for  any  first-class  battle- 
ship. It  is  slightly  smaller  than  the  Puget  Sound  dock.  At  about 
the  same  time,  Dry  Dock  No.  3  was  being  constructed  at  the  New 
York  Navy  Yard.  This  dock  is,  approximately,  of  the  same  size  as 
the  Puget  Sound  dock,  being  about  625  ft.  on  the  floor  and  668  ft. 
in  length  over  all.  It  was  operated  originally  by  steam-driven 
pumps,  but  a  new  pumping  plant  has  recently  been  installed  for  this 
dock  and  Dry  Dock  No.  2,  one  plant  being  connected  for  both,  and 
operated  by  three  motor-driven  45-in.  centrifugal  pumps,  each  having 
an  average  capacity  of  50  000  gal.  per  min.  The  original  cost  of  this 
dock  was  $794  000.  A  great  deal  of  trouble  was  encountered  during 
its  construction,  and  a  large  part  of  it  was  reconstructed  almost  im- 
mediately after  it  was  completed.  The  cost  of  reconstruction  was 
about  $300  000,  and  even  then  the  dock  was  in  a  very  unsatisfactory 
condition.  Three  years  ago  the  dock  had  to  be  put  out  of  commis- 
sion for  about  6  months  during  repairs.  The  repairs  were  of  a 
rather  novel  character,  and  pertained  to  the  foundations  near  the 
entrance,  principally  in  cutting  off  a  large  stream  of  water  which 
entered  the  dock  from  the  harbor.  This  flow  of  water  undermined 
the  material  laid  under  the  dock  and  vmder  its  sides  to  such  an 
extent  that  it  was  likely  to  give  way  at  this  point.  A  great  deal  of 
the  underlying  material  was  quicksand,  which  caused  most  of  the 
trouble  in  the  construction  and  in  its  maintenance.  It  is  hoped 
that  this  dock  may  be  kept  in  commission  until  the  completion  of 
Dry  Dock  No.  4,  which  is  now  being  constructed  at  the  New  York 
Navy  Yard,  and  then  rebuilt  and  made  a  masonry  dock  of  concrete, 
lined  with  cut  stone. 

Dry  Dock  No.  2  at  the  Mare  Island  Navy  Yard,  California,  which 
the  speaker  was  next  connected  with,  as  Engineer-in-Charge,  is  now 
under  construction.  It  was  originally  intended  to  be  of  timber, 
but,  by  Act  of  Congress,  it  was  ordered  that  it  be  of  stone. 

The  next  dock  with  which  the  speaker  was  connected,  as  En- 
gineer-in-Charge, was  one  of  masonry  at  the  Boston  Navy  Yard. 
This  was  completed  during  1905.  It  is  a  masonry  dock,  of  concrete 
faced  with  granite,  and  is  788  ft.  in  length.  It  was  authorized  at 
the  same  time  as  the  masonry  dock  for  the  Portsmouth,  New  Hamp- 
shire, Navy  Yard,  which,  by  the  way,  is  located  across  the  river 
from  Portsmouth,  at  Kittery,  Me.     This  and  the  Portsmouth  dock 
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are  approximately  the  same  size ;  both  are  operated  by  electrically-  Mr.  Hoiiyday. 
driven  pumps,  and  have  all  the  accessories,  in  the  nature  of  winches 
and  capstans  for  handling  vessels,  all  electrically  operated.  They 
are  also  provided  with  pneumatic  pipe  lines  for  furnishing  power 
for  work  on  ships  in  docks;  with  conduits  for  electric  wix*es  for 
power  and  for  lighting;  and  with  water  piping,  with  outlets  at  fre- 
quent intervals,  for  attaching  hose  for  washing  down  the  dock  and 
for  whatever  purposes  water  may  be  needed  there.  They  are  docks 
of  the  highest  type  yet  completed,  and  have  all  the  modem  appli- 
ances for  handling  ships  expeditiously,  economically,  and  efficiently, 
and  for  doing  necessary  work  on  ships  after  they  are  docked. 

The  dock  with  which  the  speaker  is  at  present  connected,  in  the 
capacity  of  Engineer-in-Charge  of  consti*uction,  is  Dry  Dock  No.  4, 
at  the  New  York  Navy  Yard.  This  is  to  be  of  concrete,  and  little 
or  no  cut  stone  will  be  used  for  facing,  in  fact,  none  except  at  the 
gate  seats.  The  dock  is  to  be  516  ft.  long  on  the  floor  by  Y8  ft., 
542  ft.  on  the  top  by  130  ft.,  and  will  have  a  depth  of  31  ft.  of  water 
over  the  sill.  The  contract  for  this  dock  was  made  during  1905, 
and  42  months  are  allowed  for  completion.  It  is  to  be  operated  by 
electrically-driven  centrifugal  pumps.  Owing  to  the  limit  of  cost 
for  this  dock,  and  also  the  limited  space  available  at  the  New  York 
Navy  Yard,  it  is  not  possible  to  make  it  as  long  as  the  other  docks 
which  have  recently  been  authorized  by  Congress  for  the  Navy  De- 
partment. It  is  large  enough  to  dock  the  largest  battleship,  and  it 
is  not  probable  that  a  battleship  will  ever  be  built  so  large  as  not  to 
be  able  to  enter  it.  It  is  also  large  enough  to  take  in  the  largest 
cruisers  yet  built,  but  it  is  not  at  all  improbable  that,  in  the  future, 
cruisers  may  be  built  for  the  Navy  which  will  be  too  large  to  enter 
this  dock.  However,  Dry  Deck  No.  3  is  long  enough  to  take  in  any 
cruiser  which  is  likely  to  be  built. 

Masonry  docks  are  also  being  built  at  the  navy  yards  at  League 
Island,  Charleston,  and  Norfolk.  All  are  large  docks,  and  of  the 
highest  type,  having  all  the  modern  appliances  of  the  Portsmouth 
and  Boston  docks. 

Mr.  Jacobs  states  that  probably  the  Japanese  made  a  mistake  in 
going  to  the  expense  of  facing  the  dock  at  Nagasaki  with  cut  stone. 
In  the  speaker's  opinion,  this  was  a  very  important  feature,  and 
along  the  right  lines.  There  are  two  ways  of  looking  at  this  ques- 
tion: one  from  the  commercial  standpoint,  and  the  other  from  a 
Government  or  engineering  standpoint.  From  a  commercial  stand- 
point, it  is  necessary  to  design  and  build  a  dock  which  will  pay  a 
reasonable  interest  on  the  investment.  A  commercial  concern,  in 
building  a  dock,  may  not  have  the  capital  to  invest,  and,  in  any 
event,  cannot  afford,  from  a  business  standpoint,  to  make  an  invest- 
ment  which    is    known    in    advance    will   not   yield    a    reasonable 
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Mr.  HoUyday.  interest.  The  Government  and  engineering  standpoints  are  almost 
the  same.  In  each  case  it  is  desirable  to  build  the  best  structure 
possible  at  anything  less  than  what  might  be  called  a  prohibitive 
cost.  From  the  Government  standpoint,  durability  and  efficiency 
are  the  essential  features,  and  to  have  a  structure  which  will  always 
be  available  for  vise  whenever  it  may  be  needed — a  structure  where 
extensive  repairs  are  not  continually  needed.  When  repairs  are  be- 
ing made  it  is  frequently  necessary  to  put  the  dock  out  of  commis- 
sion; at  such  a  time  it  would  not  be  available  for  use,  and  that 
might  be  the  very  time  it  might  be  needed  most. 

At  the  New  York  Navy  Yard  there  are  three  docks,  and  a  fourth 
one  is  under  construction.  Dry  Dock  No.  1,  of  masonry,  with  granite 
facing;  Dry  Dock  No.  2,  originally  of  timber,  completed  in  1890, 
reconstructed  and  built  of  masonry  with  concrete  facing  and  metal 
strips  for  protecting  the  edge  of  the  altar  steps  and  coping,  the  re- 
construction being  completed  in  1902;  Dry  Dock  No.  3,  of  timber, 
completed  in  1897.  The  cost  of  repairs  on  the  bodies  of  these  docks 
from  January,  1903,  to  date,  has  been,  approximately :  Dry  Dock 
No.  1,  nothing;  Dry  Dock  No.  2,  $950;  Dry  Dock  No.  3,  $17  200. 
Although  Dry  Dock  No.  2  has  only  been  completed  about  three 
years,  the  concrete  walls  have  begun  to  give  trouble.  Water  finds 
its  way  through  the  walls  at  different  points,  and  is  first  shown  by 
the  action  of  frost  during  the  winter,  the  cracks  become  enlarged, 
the  concrete  is  gradually  spawled  off  the  face,  and  the  disintegration 
goes  on.  Repairs  have  been  made  to  the  facing,  but  these  repairs  are 
only  regarded  as  temporary,  patching  work,  and  it  is  not  believed 
possible  to  repair  the  dock  so  that  there  will  not  be  future  trouble 
of  the  same  kind.  This  trouble  would  not  have  occurred  had  the 
dock  been  faced  with  cut  stone,  and  this  illustrates  very  clearly  the 
point  which  the  speaker  makes  in  regard  to  facing  the  dock  at 
Nagasaki  with  cut  stone  rather  than  concrete. 

Originally,  the  Government  built  only  masonry  docks  faced  with 
cut  stone,  and  the  stone  was  frequently  cut  with  much  greater 
nicety  than  was  necessary,  but  this  was  rather  a  matter  of  detail  and 
cost.  Dry  Dock  No.  1  at  the  Boston  Navy  Yard  is  of  stone,  and 
was  completed  in  1833.  Dry  Dock  No.  1  at  the  Mare  Island  Navy 
Yard  was  completed  in  1891;  it  was  built  by  day  labor,  and,  owing 
to  interruption  of  appropriations,  the  work  was  not  continuous  and 
it  took  some  12  years  to  build  it.  Dry  Dock  No.  1  at  the  New  York 
Navy  Yard  is  of  stone,  and  was  completed  about  1846.  Dry  Dock 
No.  1  at  Norfolk  is  of  stone,  and  was  completed  in  1827.  These 
four  stone  docks — the  first  docks  built  by  the  Navy  Department — 
may  be  said  to  be  in  practically  as  perfect  a  state  of  preservation  as 
ever.  During  all  these  years  practically  no  money  has  been  spent 
on  the  body  of  these  docks  in  the  way  of  repairs,  whereas,  all  the 
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timber  dry  docks  built  by  the  Navy  Department  and  completed  Mr.  HoUyday. 
within  the  last  10  or  12  years,  with  the  exception  of  the  Puget 
Sound  dry  dock,  have  required  very  extensive  repairs,  and  one  of 
them  is  practically  useless  to-day.  This  ought  to  show  pretty  con- 
clusively that  the  only  course  open  to  the  Government  is  to  build 
the  most  substantial  structure  possible. 

This  Society  may  not  be  aware  of  the  fact,  but  an  Informal  Dis- 
cussion on  "Dry  Docks— Stone  vs.  Wood,"*  had  considerable  to  do 
with  influencing  the  policy  of  the  Government  in  regard  to  the  kind 
of  docks  to  be  built.  In  1898  Congress  authorized  the  construction 
of  four  large  dry  docks — at  Portsmouth,  Boston,  League  Island,  and 
Mare  Island  Navy  Yards — the  Portsmouth  and  Boston  docks  were 
to  be  of  masonry,  and  the  League  Island  and  Mare  Island  docks 
were  to  be  of  timber.  At  that  time  opinion  in  the  Navy  Depart- 
ment was  not  unanimous  as  to  the  kind  of  dock  which  should  be 
built,  and  there  was  a  strong  interest  favoring  the  construction  of 
timber  docks.  Congress  had  made  up  its  mind  to  build  at  least  two 
timber  dry  docks,  against  the  recommendation  of  the  Secretary  of 
the  Navy,  as  advised  by  Rear  Admiral  M.  T.  Endicott,  M.  Am.  Soc. 
C.  E.,  Chief  of  the  Bureau  of  Yards  and  Docks,  and  Rear  Admiral 
G.  W.  Melville,  Hon.  M.  Am.  Soc.  C.  E.,  Chief  of  the  Bureau  of 
Steam  Engineering.  There  was  a  great  deal  of  discussion  as  to  the 
type  of  dock  to  be  built,  but  Congress  did  not  change  its  decision. 
Under  the  authority  vested  in  him,  the  Secretary  of  the  Navy  pro- 
ceeded to  have  plans  prepared,  advertise,  and  make  contracts,  for 
the  construction  of  two  stone  docks  at  the  Portsmouth  and  Boston 
Navy  Yards.  He  also  took  the  necessary  steps  for  building  the  two 
timber  docks  authorized  for  the  League  Island  and  Mare  Island 
Navy  Yards,  with  a  view  to  having  them  changed  to  stone  docks  by 
Act  of  Congress  later.  During  this  time,  the  subject  of  stone  versus 
timber  docks  was  brought  up  and  discussed  before  this  Society,  and 
it  was  found  that  those  who  took  part  in  the  discussion  strongly 
favored  the  stone  dry  dock.  When  Congress  met,  during  the  fol- 
lowing year,  members  of  the  Naval  Committee  were  informed  that 
the  question  of  stone  versus  timber  dry  docks  had  been  discussed  very 
thoroughly  before  this  Society,  and  that  the  consensus  of  opinion  of 
those  who  had  discussed  the  subject  was  strongly  in  favor  of  stone 
dry  docks;  that  Congress  had  made  a  mistake  in  adhering  to  the 
policy  of  building  timber  dry  docks,  and  that  it  was  not  too  late  to 
rectify  the  error.  The  speaker  was  informed,  by  one  of  the  most 
prominent  members  of  the  Naval  Committee,  that  the  discussion 
before  this  Society  had  as  much  weight  as,  or  more  than,  any  other 
one  thing  in  influencing  Congress  in  reversing  its  policy  and  author- 
*  Transactions,  Am.  Soc.  C.  E.,  Vol-.  XLI,  p.  554. 
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Mr.  HoUyday.  izing  the  construction  of  the  League  Island  and  Mare  Island  docks  of 
masonry. 

It  may  not  appear  to  members  of  this  Society  that  this  is  a  matter 
of  very  much  importance,  but  to  the  speaker  it  is,  in  that  this  dis- 
cussion could  change  the  policy  of  the  Government  from  a  wrong 
principle  to  a  right  one. 

Although  this  Society  disclaims  all  responsibility  for  the  facts 
and  opinions  advanced  in  any  of  its  publications,  its  policy  has  al- 
ways been  and  now  is  to  discuss  engineering  subjects  from  an  en- 
gineering standpoint.  It  has  been  against  entangling  alliances,  of 
all  kinds  and  descriptions.  There  has  never  been  any  suspicion  of 
its  furthering  the  interests  of  any  man  or  set  of  men,  and  by  this 
wise  policy  it  has  come  about  that  its  opinion  is  turned  to  as  one  of 
absolute  disinterestedness. 
Mr.  LeConte.  L.  J.  Le  Conte^  M.  Am.  Soc.  C.  E.  (by  letter). — The  author  was 
especially  fortunate  in  having  had  available  such  a  good  site  for  a 
dock.  Such  favorable  locations  are  very  rare.  Undoubtedly,  the 
entire  base  of  the  dock  should  rest  on  solid  rock,  wherever  possible. 

The  depth  of  water  at  the  site  of  the  coffer-dam,  50  ft.  at  high 
water,  to  bed-rock,  although  somewhat  excessive,  is  often  exceeded, 
and  special  precautions  have  to  be  taken  on  account  of  the  great 
pressure  on  the  dam  when  the  enclosure  is  pumped  out.  A  rock- 
filled  dam  is  generally  adopted  in  such  cases,  but  practice  differs 
with  regard  to  the  puddle  core. 

A  semi-circular  dam  of  small  stone,  properly  filled  with  good 
clayey  material  to  choke  the  voids  on  the  outer  slope  often  fulfils 
all  requirements  where  that  slope  is  not  exposed  to  heavy  weather. 
Where  labor  is  so  cheap  and  the  rock  excavation  is  seamy,  as  in  this 
case,  it  is  certainly  wise  to  conduct  the  work  with  hand  labor 
throughout,  as  the  likelihood  of  injuring  the  foundation  rock  for- 
bids all  blasting  near  the  lining  work. 

The  writer  is  pleased  with  the  proportions  of  the  concrete,  and 
with  the  addition  of  puzzolana  to  make  impervious  work,  which  was 
vei"y  desirable;  he  is  somewhat  surprised,  however,  to  note  the  heavy 
expense  for  cutstone  facing — $167  500 — the  average  rate  being  $15 
per  cu.  yd.  in  place.  In  these  days  of  economical  construction  it  is 
not  at  all  clear  why  the  altars,  at  least,  could  not  have  been  made 
of  high-grade  concrete,  if  not  the  entire  dock  lining. 

The  writer  knows  that  comparisons  are  always  odious,  because 
conditions  are  so  different  in  different  cases,  but  thinks  that  some 
broad  general  comparisons  would  not  be  out  of  place. 

The  new  dock  at  Mare  Island,  California,  now  under  construc- 
tion, is  on  a  pile  foundation  throughout,  the  dock  foundation  alone 
calling  for  14000  piles.  The  site  is  quite  unfavorable.  The  dock 
will  be  734  by  120  by  35  ft.,  and  will  have  an  aggregate  capacity 
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of  114 180  cu.  yd.    When  completed  it  will  probably  cost  in  the  neigh-  Mr.  Le  Conte. 
borhood  of  $1  800  000,  making  a  capacity  rate  of  $15.76  per  cu.  yd. 

The  Hamilton  Graving  Dock,  at  Malta,  completed  in  1893-94,  was 
founded  entirely  on  rock,  but  the  formation  was  full  of  fissures, 
some  of  them  8  in.  wide,  and  much  water  had  to  be  contended  with. 
Besides  the  cost  of  the  dock  proper,  there  were  also  included  the  cost 
of  a  factory  for  repairs,  a  160-ton  hydraulic  crane,  and  shops  and 
stores  for  repair  and  storage  of  gun  mountings,  etc.  All  this  brought 
the  cost  up  to  $1  023  163.  The  dock  is  558  by  126  by  44  ft.,  and 
has  an  aggregate  capacity  of  114  576  cu.  yd.,  which  makes  the  cost 
$8.93  per  cu.  yd.  Next  comes  the  author's  dock,  having  a  cost  of 
$5.56  per  cu.  yd.  of  capacity,  and  finally,  the  new  Hunter's  Point 
Dry  Dock,  San  Francisco,  Cal.,  completed  in  1903.  This  dock  is 
founded  throughout  on  rock.  The  lining  is  almost  entirely  of  con- 
crete, excepting  the  masonry  piers  at  the  entrance.  The  dimensions 
are  750  by  122  by  36  ft.  =  122  000  cu.  yd.  Of  this,  100  000  cu.  yd. 
was  rock  excavation.  The  cost  of  engineering  construction  alone 
has  been  only  $488  000,  making  the  cost  $4  per  cu.  yd.  The  altars 
on  both  sides  of  the  dock  are  entirely  of  high-grade  concrete. 

This  stands  out  in  strong  contrast  with  the  Mare  Island  Dock, 
above  mentioned,  which  is  situated  only  a  few  miles  further  inland. 
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E.  H.  Bowser  and  L.  J.  Le  Conte. 


Mr.  Haugh.  James  C.  Haugh,!    Esq.    (by  letter) . — The  writer  submits  the 

following  observations  on  creosoted  Southern  Pine  piles,  brace  plank, 
stringers,  ties  and  caps,  which  have  been  in  use  on  the  New  Orleans 
and  North-Eastern  Railroad  since  1883. 

The  timber  and  piles  were  treated  according  to  the  specifications 
in  use  at  that  time  by  the  Pascagoula  Works,  the  requisite  being 
15  lb.  per  cu.  ft.  The  oil  used  was  principally  'TLondon  Oil."  The 
piles  were  driven  in  brackish  water,  into  which  the  teredo  does  not 
come. 

These  observations  represent  the  experience  gained  in  22  years 
of  maintenance,  and  deal  with  what  appear  to  be  the  causes  of 
decay  and  failure. 

Round  Piles  and  Poles. — The  depth  of  the  injection  in  round  piles 
and  poles  is  practically  limited  to  the  sap  wood.  The  impregnation 
of  the  sap  wood  of  round  sticks  from  which  the  inner  layer  of  bark 
is  not  thoroughly  peeled  is  often  irregular  and  defective.  After  be- 
ing subjected  to  the  weather,  this  inner  layer  peels   off,   leaving 

*This  discussion  (of  the  paper  by  H.  R.  Stanford,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  November,  1906),  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  for  further  discussion. 

t  Resident  Engineer,  New  Orleans  and  North-Eastern  Railroad. 
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whitish  surfaces.     Chips  cut  from  these  places  are  abnost  void  of  Mr.  Haugh. 
any  oil.     Even  when  a  chip  is  put  in  one's  mouth  hardly  a  taste  of 
the  oil  is  perceptible.     Piles  or  poles  should  have  this  layer  of  un- 
formed sap  wood  thoroughly  removed  before  treatment. 

When  the  heads  of  piles  are  cut  to  grade,  an  application  of  hot 
creosote  oil  and  also  asphalt  thinned  with  oil  should  be  applied  to 
the  cut  surface.  The  failures  of  piles  on  structures  with  which  the 
writer  is  familiar  can  be  attributed  to  neglect  to  protect  the  heads 
of  the  piles  in  this  way,  and  to  the  use  of  a  1-in.  square  bearded 
drift-bolt.     The  heart  wood  decays  and  leaves  the  sap  wood  sound. 

Timbers. — Observations  on  timbers  treated  for  the  Lake  Pont- 
chartrain  Trestle,  in  1882  and  1883,  show  that  several  varieties  of 
pine  timber  are  still  sound  and  in  perfect  preservation.  No  brace 
plank,  whether  sap  surface  or  all  heart  from  the  center  of  the  log, 
has  decayed,  and  similar  plank  laid  on  the  ground  for  20  years  is 
sound.  In  some  instances  the  heart  pieces  showed  but  slight  pene- 
tration. The  stringers  on  this  trestle  were  6  by  16  in.  by  30  ft.,  and 
three  stringers  were  packed  under  each  rail.  About  6  300  pieces 
were  used,  and  none  has  shown  any  decay,  although  the  quality  of 
the  pine  varied  from  the  coarsest  loblolly,  with  one  sap  surface,  to 
the  closest  and  best  quality  of  long-leafed  close-grained  yellow  pine, 
practically  free  from  sap. 

The  penetration  of  oil  in  these  different  qualities  of  pine  varied 
greatly.  The  loblolly  and  other  coarse-grained  stringers  show  that 
timber  of  this  quality  absorbed  a  large  percentage  of  oil,  and  the 
close-grained  yellow  pine  a  much  smaller  percentage,  probably  more 
than  20  lb.  per  cu.  ft.  for  the  coarse-grained,  and  less  than  10  lb. 
for  the  close-grained,  pine.  The  caps  used  were  12  by  14  in.  by 
14  ft. ;  the  ties,  6  by  8  in.  by  9  ft.  The  guard-rails  were  5  by  8  in. 
and  all  were  of  the  same  varied  qualities  of  pine.  Timbers  of  the 
same  size  were  treated  together. 

There  were  more  failures  in  caps  than  in  timbers  of  any  other 
size.  This,  in  the  writer's  opinion,  was  due  to  the  size  of  the  timbers 
not  admitting  of  thorough  seasoning,  consequently,  they  "checked" 
afterward.  This  checking  extended  beyond  the  point  to  which  the 
creosoted  oil  penetrated. 

Almost  without  exception,  the  caps  had  the  heart  core  at  or  near 
the  center,  and  the  circular  grains  were  not  cut  across  in  being 
sawn,  as  was  the  case  with  stringers,  plank  and  halved  and  quar- 
tered ties. 

The  stringers  were  halved  from  a  log  in  sawing,  and  all  the 
grains  were  cut  across  on  the  heart  face.  This  permitted  more 
thorough  seasoning  and  the  penetration  of  the  oil  into  the  heart  face. 

The  ties  were  what  are  known  as  pole,  halved  and  quartered  ties. 
The  pole  ties  having  the  heart  core  in  the  center  also  failed  by 
checking  beyond  the  point  to  which  the  oil  had  penetrated. 
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Mr.  Haugh.  The  halved  and  quartered  ties  having  the  grain  cut  across  ad- 
mitted of  more  thorough  seasoning  and  penetration  of  the  oil,  and, 
vrhen  placed  in  the  structure  with  the  "sap  side"  up,  there  were  few 
cases  of  decay. 

The  halved  or  quartered  guard-rails  showed  the  same  durability 
as  the  ties.     The  pieces  with  the  heart  core  in  the  center  failed. 

It  would  seem  from  these  observations  that  similar  timbers,  in 
which  the  heart  core  is  in  the  center,  cannot  be  so  thoroughly 
seasoned  as  to  prevent  checking  and  internal  decay,  even  when  the 
creosoted  sap  surfaces  protect  it,  and  that  timbers  halved  and  quar- 
tered permit  of  the  proper  seasoning,  and,  even  where  the  quantity 
of  oil  absorbed  is  slight,  are  still  sound. 


TABLE  2. — Keport  of  Transverse  Test  of  Creosoted  Pine 
Stringer,  ISTo.  1,  from  the  ISTew  Orleans  and  Korth- 
E ASTERN  Railroad. 

Breadth  =  6  in.  Height  =  15|^  in.  at  center.  Length  between 
supports  ^  132  ill.  Maximum  fiber  distance  =  7.76  in.  Moment  of 
inertia  =  1  861.9.  Load  aj^plied  in  increments  of  3  000  lb.  Rielild 
testing  machine  used.  Time,  about  1  hr.  30  min.  Date,  June  23d, 
1905. 


Load,  in 
pounds. 

Stress 

per 
square 
inch  in 
outer 
fiber. 

Deflection. 

Set. 

Reading: 
R.      L. 

Total,  in 
inches. 

Reading: 
R.      L. 

Total,  in 
inches. 

Remarks. 

0.10    0.13 
0.16    0.16 
0.30    0.31 
0.35    0.26 
0.30    0.31 
0.36    0.36 
0.41    0.40 

0.49    0.48 

0.56    0.55 
0.65    0.62 
0.79    0.74 
0.94    0.88 

11  hard  rings  to  the  inch. 

3  000 

"3473" 

0.045 

0.09 

0.14 

0.19 

0.245 

0.29 

0.37 

0.44 
0.52 
0.65 

0.845 

6000 

9  000 

12  000 

15  000 

18  000 

Elastic  limit. 

21000 

rFor  14  ft.  distance  be- 
'     tween  supports,  load 
1     at  elastic  limit  would 
1,    be  14  130  lb. 

24  000 

37fX)0 

30  000 

33  000 

Maximum,  28  500  lb. 

Actual  loads  in 
pounds 

Deflection,  in 
inches. 

Stress  per  square 
inch  in  outer  fiber. 

Elastic  li 

mit 

18  000 
36  300 

0.29 
0.845 

2  472 

Maximun 

1 

4  990 

Modulus  of  elasticity  =  1  597  000  lb.  per  sq.  in.,  at  18  000  lb.  load. 
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Possibly  boring  a  hole  longitudinally  through  the  center  of  tim-  Mr.  HauKh. 
bers  containing  the  heart  core  would  allow  better  seasoning,  prevent 
to  some  extent  the  checking  of  the  surfaces,  and  admit  of  the  pene- 
tration of  the  oil  to  the  inner  rings  cut.     This  boring  is  now  done, 
at  a  number  of  saw-mills,  in  timbers  20  ft.  long. 

TABLE  3. — Eeport  of  TRA]srs\TERSE  Test  of  Creosoted  Pine 
Stringer,  No.  2,  from  the  New  Orleans  and  North- 
Eastern  Eailroad. 

Breadth  =  6  iu.  Height  =  15^  in.  at  center.  Length  between 
supports  =.  132  in.  Maximum  fiber  distance  =  7.75  in.  Moment  of 
inertia  =  1  861.9.  Load  applied  in  increments  of  3  000  lb.  Riehld 
testing  machine  used.  Time,  about  1  hr.  30  min.  Date,  -June  23d. 
1905. 


Xoad,  in 

Stress 

per 
square 

Deflection. 

Set. 

Remarks. 

pounds. 

inch  in 
outer 
fiber. 

Reading: 

Total,  in 

Reading: 

Total,  in 

R. 

L. 

inches. 

K. 

L. 

inches. 

0.10 
0.14 

0.15 
0.20 

0.10 
0.10 

0.15 
0.15 

6  rings  to  the  inch. 

3000 

0.045 

6 

6  000 

0.19 

0.24 

0.09 

0.10 

0.15 

0 

9  000 

0.24 

0.29 

0.14 

0.10 

0.15 

0 

12  000 

0.28 

0.33 

0.18 

0.10 

0.15 

0 

15  000 

0.33 

0.38 

0.23 

0.10 

0.15 

0 

18  000 

0.37 

0.42 

0.27 

0.10 

0.15 

0 

21000 

0.43 

0.46 

0.315 

0.10 

0.15 

0 

24  000 

0.45 

0.53 

0.365 

0.10 

0.15 

0 

27  000 

3  708 

0.51 

0.57 

0.415 

0.10 

0.15 

0 

Elastic  limit 
(Tor  14  ft.  distance  be- 
)     tween  supports,  load 
1     at  elastic  limit  would 

30  COO 

0.56 

0.64 

0.475 

0.10 

0.17 

0.01 

t    be  21  200  lb. 

33  000 

0.63 

0.74 

0.56 

0.12 

0.17 

0.02 

36  000 

0,70 

0.83 

0.64 

0.14 

0.20 

0.045 

39  000 

0.75 
0.82 
0.90 
1.12 

0.90 
1.00 
1.14 
1.45 

0.70 
0.785 
0.895 
1.16 

42  000 

45  000 

Maximum,  38  900  lb. 

48  000 

Actual  load, 

in 

Deflectio 

n,  in 

Stress  per  square 

pounds. 

inche 

s. 

inch  in  outer  fiber. 

Elastic  li 
Maximur 

mit 

27  000 
49  600 

0.415 
1.16 

8  708 

Q 

6  600 

Modulus  of  elasticity  -  1  698  000  lb.  per  sq.  in.,  at  27  000  lb.  load. 

Where  the  sizes  of  timbers  required  are  such  that  proper  season- 
ing is  difficult,  if  not  impracticable,  built-up  members,  which  admit 
of  this,  should  be  used. 

The  cubic  contents  of  the  charge  to  be  treated  and  the  measure- 
ment of  the  quantity  of  oil  injected  should  be  ascertained  as  closely 


44 


DISCUSSION  ON  CREOSOTING  TIMBER. 


[Papers. 


Mr.  Haugh.  as  practicable,  but,  in  the  case  of  roTind  pine  piles,  the  sap  wood 
varies  from,  say,  1  in.  thick  at  the  butt,  in  some  piles,  to  3  in. 
thick  in  others,  so  that  the  quantity  of  oil  each  pile  in  a  load  will 
take  varies  greatly,  and,  if  thoroughly  seasoned  and  protected,  both 
are  equally  durable.  The  same  remarks  apply  to  square  pine  tim- 
bers and  in  these  the  absorption  also  varies  greatly.  The  presence 
of  water  and  the  dilution  of  the  fluid  should  receive  close  attention. 
Mr.  Stanford's  remarks  as  to  the  inspection  of  certain  piles,  in 
July,  1905 — five  piles  being  eaten  by  worms — leads  the  writer  to 
attribute  the  failure  of  the  oil  to  penetrate  certain  sections  to  im- 
proper "peeling"  of  the  piles. 


TABLE  4. — Eeport  of  Transverse  Test  of  Creosoted  Pine 
Stringer,  No.  3,  from  the  New  Orleans  and  North- 
Eastern  Railroad. 

Breadth  =  6  in.  Height  =  16  in.  at  center.  Length  between 
supports  =  132  in.  Maximum  fiber  distance  =  8  in.  Moment  of 
inertia  =  2  048.  Load  applied  in  increments  of  3  000  lb,  Eiehl^ 
testing  machine  used.  Time,  about  1  hr.  30  min.  Date,  June  24th, 
1905. 


Load,  in 
pounds. 

Stress 

per 
square 
inch  in 
outer 
fiber. 

3  000 
6  000 
9000 
12  000 
15  000 
18  000 
21000 

24  000 

27  000 
30  000 
33  000 
36  000 
39  000 

"2  too' 

Deflection. 


Reading: 
R.      L. 


0.05 
0.10 
0.15 
0.21 
0.25 
0.30 
0.36 
0.42 


0.08 
0.13 
0.17 
0.31 
0.26 
0.31 
0.37 
0.41 


0.48    0.47 


0.55 
0.61 
0.67 
0.75 
0.85 


0.53 
0.59 
0.65 
0.72 
0.82 


Total,  in 
inches. 


0.05 

0.095 

0.145 

0.19 

0.24 

0.30 

0..35 

0.41 

0.47 

0.535 

0.595 

0.67 

0.77 


Set. 


Reading: 
R.      L. 


0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 


0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 


0.08  0.10 
0.08  0.10 
0.09    0.11 


Total,  in 
inches. 


0 
0 
0 
0 
0 
0 
0 

0.005 

0.035 
0.025 
0.035 


Remarks. 


5  hard  rings  to  the  inch. 


Elastic  limit. 

fFor  14  ft.  distance  be- 
J     tween  supports,  load 

)     at  elastic  limit  would 

t     be  16  500  lb. 


Maximum,  32  100  lb. 


Actual  load,  in 
pounds. 

Deflection,  in 
inches. 

Stress  per  square 
inch  in  outer  fiber. 

Elastic  limit 

21000 
40  900 

0.35 

0.77 

2  700 

Maximum 

5  260 

Modulus  of  elasticity  =  1  405  000  lb.  per  sq.  in.,  at  21  000  lb.  load. 
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Mr.  Haugh. 
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"iS  DISCUSSION  ON  CREOSOTING  TIMBER.  [Papers. 

Mr.  Haugh.  The  proposed  specifications,  and  the  remarks  as  to  air-seasoning, 
seem  to  cover  the  requirements,  and  the  writer  would  add  that  if 
timber  is  cut  from  logs  which  have  been  floated  in  creeks  or  rivers 
and  have  been  in  the  water  for  weeks  or  months  and  then  air- 
seasoned,  the  most  desirable  seasoning  will  be  obtained.  At  several 
creosoting  works,  this  is  practicable. 

The  tests  of  three  pieces  of  creosoted  pine  stringers,  which  were 
in  use  on  the  Lake  Trestle  from  1883  until  taken  out  in  1905  for 
test,  are  given  in  Tables  2,  3  and  4,  and  Fig.  1  is  a  diagram  of  these 
tests.  The  piece,  No.  1,  was  about  the  average  for  close-grained 
yellow  pine,  having  22  alternate  hard  and  soft  grains  per  inch.  The 
other  two  pieces  are  the  coarse-grained  pine.  The  penetration  of 
the  oil  in  No.  1  was  slight;  Nos.  2  and  3  had  taken  the  oil  freely. 
The  tests  were  made  by  Professor  W.  B.  Gregory,  of  Tulane  Uni- 
versity. 
.  Campbell.  J.  L.  Campbrll,  M,  Am.  Soc.  C.  E.  (by  letter). — Mr.  Stanford's 
statement  that  the  extent  to  which  creosote  oil  preserves  timber  is 
measured  by  the  quantity  of  oil  and  the  depth  of  penetration,  while 
true  to  the  point  of  saturation  with  a  given  grade  of  oil,  should  be 
qualified  by  the  observation  that  the  quality  of  the  oil  has  quite  as 
much  to  do  with  the  results  as  the  quantity  and  penetration. 

In  the  prevailing  grade  of  oil  used  in  the  United  States  the 
creosote  or  preserving  element  constitutes  probably  not  more  than 
30%  of  the  volume,  from  which  it  follows  that  about  70%  of  the 
injection  is  of  no  benefit,  and  that  a  large  total  injection  is  neces- 
sary to  secure  the  required  quantity  of  real  preservative. 

If  the  oil  was  refined  to  a  point  where  the  preservative  and  non- 
preservative  elements  were  in  a  proportion  inverse  to  that  above 
given,  as  obtains  in  Europe,  the  life  of  treated  timber  would  be 
prolonged  very  materially.  The  use  of  a  better  grade  of  creosote 
opens  a  most  promising  field  for  improvement  in  the  treatment  of 
timber. 

The  author's  statement,  that  heart  wood  is  practically  impervious 
to  oil,  is  not  confirmed  by  the  experience  of  the  El  Paso  and  South- 
western Eailroad  in  its  creosoted  long-leaf  yellow  pine  bridge  tim- 
bers, in  which  the  percentage  of  sap  is  very  small.  Stringers  hav- 
ing no  sap  whatever  show  a  required  and  satisfactory  penetration  of 
oil.  As  to  the  percentage  and  penetration  of  the  preservative  ele- 
ment in  the  oil,  the  writer  is  not  able  to  say,  but  there  is  nothing  to 
indicate  that  it  is  all  retained  near  the  surface.  This  timber  is 
treated  under  contract  by  creosoting  works  in  Louisiana. 

The  writer  believes  the  prevailing  method  of  measuring  the 
quantity  of  oil  injected  by  the  tank  gauge  to  be  the  simplest  and 
best.  Leaky  pipes  and  valves  and  inaccurate  gauges  are  not  a  valid 
argument  against  the  method,  but  rather  are  favorable  to   it,  as 
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pipes  and  valves  can  be  and  should  be  maintained  practically  tight  Mr.  Campbell, 
to  prevent  useless  vpaste. 

Erom  the  author's  illustration  of  the  method  of  measurement  by 
weight,  it  is  quite  evident  that  several  very  material  assumptions 
have  to  be  made,  the  possible  invalidity  of  vphich  may  explain  the 
inadmissible  difference  between  22.4  lb.  per  cu.  ft.  by  tank  measure 
and  13.5  lb.  per  cu.  ft.  by  estimated  weight  measure. 

Certainly,  a  system  of.  pipes  and  valves  which  will  permit  the 
escape  and  loss  of  8.9  lb.  of  oil  out  of  a  total  of  22.4  lb.  ought  to  be 
replaced  immediately. 

The  writer  is  heartily  in  favor  of  air-  vs.  steam-  seasoning  when- 
ever practicable.  He  finds  that  treated  ties  fail  because  of  disin- 
tegration due  to  brittleness  induced  by  the  steam-cooking  process  of 
preparation  for  treatment.  Treating  plants,  however,  are  generally 
located  in  the  timber  belts,  where  the  normal  humidity  is  great  and 
the  air-seasoning  process  quite  slow. 

El  Paso,  Tex.,  the  center  of  the  arid  Southwest,  with  its  numer- 
ous railway  lines  (several  of  them  transcontinental),  and  direct 
competitive  connection  with  vast,  though  distant,  timber  belts,  would 
be  an  ideal  place  for  the  air-seasoning  process  for  timber  treatment. 

With  a  grade  of  oil  containing,  say,  75%  of  preservative  element, 
thorough  air-seasoning,  and  proper  injection  of  a  sufficient  quantity 
of  creosote,  sound  timber,  so  treated,  should  lose  very  little  of  its 
strength  and  elasticity,  and  be  good  for  45  years  under  ordinary 
conditions. 

Cliff  S.  Walker,*  Esq.  (by  letter). — The  author  has  given  the  Mr.  waiker. 
subject  much  thought  and  close  investigation,  and  in  the  writer's 
opinion  is  on  the  right  line  to  attain  the  end  to  be  desired  by  both 
producer  and  consumer  of  creosoted  material.  Only  by  thorough 
injection  can  timber  be  preserved,  and  to  approximate  that  standard 
of  excellence  should  be  the  aim  of  every  manufacturer.  Poorly 
treated  material  has  in  the  past  greatly  retarded  increased  demand 
for  preserved  timber,  and  can  but  injure  the  future  prospects  of  a 
growing  industry.  Any  system  that  tends  to  give  the  manufac- 
turer all  the  profit  to  which  he  is  entitled,  and  at  the  same  time 
protects  the  consumer,  is  to  be  encouraged.  The  only  possible 
objection  to  the  author's  proposed  method  is  that  the  natural  vari- 
ation in  density  of  timber  might  cause  this  method  of  ascertaining 
the  price  to  be  so  risky  that  in  many  cases  the  margin  of  safety 
which  must  be  figured  would  make  the  cost  prohibitive. 

To  arrive  at  a  fair  basis  would  require  long  and  close  scientific 
investigation,  and  reports  on  temperatures,  pressures,  etc.,  day  and 
night,  should  not  be  left  to  workmen  who  lack  proper  training,  or 
even  might  be  ignorant,  lazy  or  malicious. 

♦President,  Southern  Creosoting  Company,  Ltd. 
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Mr.  Walker.  The  Writer  differs  slightly  with  the  author  on  some  points  of  his 
proposed  specification,  principally  with  the  idea  of  reducing  cost  of 
production.  In  practice,  the  writer  has  never  found  any  advantage 
in  treating  timber  of  uniform  size  and  section  at  one  time,  and 
favors  applying  the  higher  temperatures,  regardless  of  size  of  timber, 
with  the  intention  of  shortening  the  period  of  treatment.  Close 
observation  has  convinced  him  that  a  better  impregnation  of  timber 
is  secured. 

The  writer  also  thinks  that  the  arbitrary  specification  for  oil  is 
unreasonable,  as  good  results  have  been  obtained  with  various  oils 
differing  materially  in  specific  gravity  and  fractional  distillation; 
and,  as  the  demand  for  treated  timber  increases,  every  possible 
source  of  supply  for  heavy  oil  of  coal-tar  should  be  open. 

On  the  whole,  though,  the  writer  is  so  heartily  in  favor  of  the 
author's  views  and  conclusions,  that  he  would  be  highly  gratified 
could  he  find  the  time  to  experiment  thoroughly  on  the  lines  sug- 
gested, using  the  plant  of  the  Southern  Creosoting  Company  in  that 
work,  and  thus  view  results  obtained,  not  in  the  laboratory,  but  in 
actual  practice,  under  all  conditions  and  with  all  classes  of  material. 
Such  investigation  and  experimentation  by  one  so  familiar  with 
the  work  and  the  conditions  to  which  the  finished  product  is  to  be 
subjected  would  prove  of  exceeding  value. 
.Bowser.  E.  H.  Bowser,  M.  Am.  Soc.  C.  E.  (by  letter). — This  is  a  much 

needed  paper,  in  that  it  touches  upon  points  relating  to  the  subject  of 
creosoting,  which,  although  they  have  been  discussed  for  many 
years,  are  little  nearer  solution  than  they  were  when  this  method  of 
treating  timber  was  first  established. 

From  their  very  nature,  some  of  the  details  of  timber  treatment 
can  never  be  brought  to  any  great  degree  of  refinement,  though  the 
methods  can  be  improved. 

It  is  well  known  that  sap  wood  will  receive  very  much  more  oil 
than  heart  wood;  that  loblolly  and  old  field  pine  will  receive  more 
than  long-leaf  yellow  pine;  that  in  a  long  pile  the  small  end  will 
receive  a  greater  proportion  of  oil  than  the  large  end,  and  that  the 
more  natural  seasoning  the  material  has  had,  the  more  rapidly  the 
oil  will  enter  it,  and  the  greater  quantity  it  will  hold. 

Even  after  a  careful  selection  of  the  timber,  the  quantity  of  oil 
per  cubic  foot  injected  into  each  piece  will  vary  greatly,  and  only  a 
general  average  treatment  can  be  given,  as  it  is  impossible  to  deter- 
mine in  advance  just  what  material  to  select  for  each  charge. 

By  proper  inspection,  the  results  of  a  treatment  can  be  greatly 
modified  and  brought  much  nearer  what  they  should  be  than  with  a 
haphazard  method  of  treating  a  load  without  regard  to  the  size, 
seasoning,  or  kind  of  timber. 

In  considering  the  inaccurate  methods  used  at  present  and  the 
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proposed  change  for  determining  the  quantity  of  oil  injected  into  Mr.  Bowser, 
timber,  all  clearly  presented  in  the  paper,  no  very  definite  results 
obtained  from  any  long-continued  and  exhaustive  experiments  can 
be  given,  on  account  of  this  part  of  the  subject  not  having  been 
thoroughly  investigated,  as  yet. 

A  few  experiments  which  show  unexpected  results,  while  they  are 
valuable  in  that  they  blaze  the  lines  along  which  investigation 
should  be  made,  are  not  conclusive,  and  sometimes  may  even  be 
reversed  by  further  experiments. 

The  writer  will  take  up  some  of  the  cavises  of  the  discrepancies 
in  present  methods,  mentioned  in  the  paper,  and  a  few  additional 
causes,  under  separate  heads. 

Calculating  the  Volume  of  the  Material. — In  getting  the  cubic 
contents  of  piles,  it  is  the  rule  to  use  the  diameters  of  the  large  and 
small  ends,  measured  to  the  nearest  inch.  It  is  not  often  that  the 
measurement  is  made  to  the  nearest  half  inch,  and  taking  inter- 
mediate measurements  is  almost  unknown. 

The  taper  of  the  southern  pines  is  remarkably  regular,  when 
proper  allowance  is  made  for  what  is  known  as  "swell  bvitts,"  and  in 
extra  long  piles,  for  the  more  rapid  taper,  near  the  point,  on  account 
of  the  small  end  having  been  cut  above  the  branch  line. 

"Swell  butts"  are  caused  by  the  woodman  cutting  the  tree  very 
close  to  the  ground,  in  order  to  get  a  sufficient  diameter,  or  a  longer 
pile. 

To  prevent  careless  measurements  of  the  large  end  of  poles  or 
piles,  the  Southern  Bell  Telephone  -Company,  and  some  others, 
specify  the  circumferential  measurement  3  ft.  from  the  end. 

As  the  result  of  a  number  of  measurements  taken  at  different 
times,  and  from  piles  cut  in  different  localities  in  Mississippi  and 
Louisiana,  it  has  been  found  by  the  writer  that  the  taper  is  very 
close  to  an  increase  of  1  in.  in  diameter,  from  the  point  toward  the 
butt,  for  every  10  ft.  of  length. 

While  the  lack  of  refinement  in  measuring  round  timber  is  often 
discussed,  the  errors  resulting  from  taking  the  mill  measurements 
for  unsized  sawn  timber,  in  calculating  the  contents,  is  usually 
neglected— in  fact,  the  writer  has  seen  millions  of  feet  of  material 
of  this  class  treated,  and  not  one  stick  was  calculated  by  the  actual 
dimensions  of  the  cross-section ;  and,  only  when  the  excess  in  length 
was  over  1  ft.,  was  it  usvially  taken  into  account;  nor  would  he 
recommend  an  exact  measurement  unless  it  was  stipulated  in  the 
specifications,  as  the  bid  of  the  contractor  making  the  treatment  is 
based  on  the  mill  size  of  the  section,  and  the  judgment  of  the  in- 
spector is  allowed  to  govern  what  would  be  excessive  length. 

For  most  purposes  for  which  rough  sawn  timber  is  used,  the 
sticks  are  cut  to  lengths  and  the  ends  squared  at  the  works  before 
treatment,  but  such  is  not  always  the  case. 
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Mr.  Bowser.  All  mills  ill  the  Central  South  set  their  gauges  to  saw  from  g-  to- 

I  in.  full,  and  this  fullness  often  amounts  to  i  in.  and  even  more. 
This  is  done  to  allow  for  shrinkage  after  seasoning,  irregularities  in 
the  alignment  of  the  carriage  track,  and  for  the  "running"  of  the 
saw.  Freshly  sawn  timber  will  average  at  least  ^  in.  full,  which  in 
a  12  by  12-in.  stick  means  4%  more  than  the  actual  contents.  In  thin 
material,  such  as  plank,  the  variation  will  average  much  more.  In 
length,  the  pieces  are  seldom  cut  less  than  3  in.  full  at  the  mill,, 
and  are  often  more  than  6  in.  longer  than  the  rated  length.  Few 
inspectors  will  receive  a  stick  which  is  the  least  scant  in  cross- 
section  or  length,  and,  on  this  account,  the  variation  between  the 
actual  and  the  calculated  contents  of  a  charge  of  sawn  timber  always 
makes  the  cubic  content  less  than  it  should  be. 

In  the  writer's  opinion,  piles  measured  at  points  and  butts  by 
the  "give  and  take"  method,  to  the  nearest  half  inch,  give  much 
more  accurate  results  than  sawn  timber  taken  at  the  size  for  which 
it  was  cut. 

Allowable  Quantity  of  Water  in  the  Oil. — The  specifications  for 
oil,  quoted  in  the  paper,  are,  as  far  as  the  water  is  concerned,  speci- 
fications by  which  oil  should  be  bought ;  and  it  is  the  common  custom 
to  allow  2i%  of  water,  and  no  more,  in  the  oil  from  the  manu- 
facturer, but,  in  the  writer's  judgment,  a  margin  should  be  allowed 
for  water  taken  into  the  oil  during  the  process  of  treatment  at  the 
creosoting  works,  and  at  least  5%  should  be  allowed,  provided  the 
quantity  greater  than  21%  is  compensated  for  by  an  extra  injection 
of  oil. 

Many  specifications  allow  a  maximum  of  8%,  and  this  quantity 
does  not  seem  to  be  excessive,  as  the  quantity  of  water  would  be 
offset  by  deeper  penetration  or  by  putting  the  proper  quantity  of  oil 
in  the  same  space  that  it  would  occupy  if  there  were  not  more  than 
21%  of  water. 

With  present  methods  of  manipulation,  it  is  not  practicable  to 
keep  the  water  to  a  2i%  limit  at  all  times.  Getting  water  out  of  oil 
is  expensive,  and  rigid  specifications  would,  no  doubt,  cause  a  cor- 
responding increase  in  prices  if  the  inspection  for  water  was  also 
rigid. 

Waste  During  Injection^  and  Loss  Due  to  Reduction  of  Volume 
of  Oil  under  Pressure. — Very  nearly  all  the  waste  oil  can  be  ac- 
counted for  by  collecting  the  leakage  in  large  pans  made  for  the 
purpose,  and  emptying  it  into  the  measuring  tank  at  the  completion 
of  the  treatment.  If  there  is  a  leak  in  the  steam  coils,  this  is  easily 
discovered,  and  the  set  of  coils  in  which  it  is  found  can  be  cut  out 
of  service  and  throttled  at  the  end  where  the  oil  would  pass  oiit. 

The  writer  has  no  data  at  hand  showing  the  elasticity  of  the  oil, 
and  can  form  no  idea  as  to  the  reduction  of  the  volume  caused  by 
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the  pressure  to  which  it  is  subjoctod,  but  it  probably  does  not  amount  Mr.  Bowser, 
to  very  much. 

In  some  specifications  the  payment  for  the  quantity  of  oil  injected 
is  based  on  the  diflference  between  the  reading's  of  the  gauge  before 
the  oil  is  turned  on  the  charge  and  after  it  is  pumped  back  into  the 
measuring  tank.  This  eliminates  any  errors  due  to  compression,  the 
oozing  out  of  the  oil  from  the  wood  after  the  pressure  is  released, 
and  very  nearly  all  the  loss  of  oil  by  waste,  if  the  waste  is  properly 
collected. 

Such  provisions  were  made  in  the  specifications  written  by  J.  F. 
Coleman,  M.  Am.  Soc.  C.  E.,  for  the  treatment  of  material  for  the 
New  Orleans  docks. 

The  Prevailing  Method  of  Measuring  the  Quantity  of  Oil  In- 
jected.— A  number  of  the  creosoting  works  have  measuring  tanks 
20  ft.  in  diameter,  but  tanks  proportioned  to  the  sizes  of  the  cylin- 
ders would  give  more  uniform  results.  It  has  been  the  writer's 
experience  that  a  well-constructed  sliding  gauge,  kept  in  good  con- 
dition, can  be  read  within  less  than  \  in.,  and  a  6-in.  treatment  from 
a  20-ft.  tank  ought  not  to  vary  more  than  3%  either  way. 

The  heavier  the  treatment,  or  the  larger  the  cylinder  and  load, 
the  less  will  be  the  variation. 

A  tank,  30  ft.  deep,  with  a  diameter  great  enough  to  give  a 
capacity  of  one  and  one-quarter  times  that  of  the  empty  cylinder 
which  it  supplies,  would  be  about  the  right  proportion,  and,  with  a 
properly  made  sliding  gauge,  ought  to  give  results  within  1%  of  a 
refined  measurement. 

This  rule  would  give,  for  a  cylinder  6  ft.  in  diameter  and  100  ft. 
long,  a  measuring  tank  11  ft.  in  diameter;  and,  for  a  cylinder  9  ft. 
in  diameter  and  100  ft.  long,  a  tank  16  ft.  in  diameter. 

The  accuracy  of  the  sliding  gauge  will  depend  upon  the  size  of 
the  horizontal  section  of  the  float,  the  frictional  resistance  in  the 
bearings  of  the  pulleys,  the  pliability  of  the  wire  connecting  the  float 
with  the  sliding  pointer,  and  the  proper  balancing  of  the  pointer  so 
that  the  guides  will  not  clamp  on  the  gauge-board. 

The  larger  the  float  the  less  the  distance  it  will  be  lifted  out  of 
the  oil  by  the  friction  of  the  pulleys  and  the  pointer  guides. 

The  pulleys,  of  course,  should  be  large  enough  in  diameter  to 
prevent  the  tendency  of  the  wire  to  form  a  hook.  A  light,  well- 
made  chain  would  give  better  results  than  a  wire. 

The  wind  playing  on  a  long  wire  running  from  a  measuring  tank 
to  a  gauge  inside  the  cylinder  shed  has  been  observed  to  make  a 
variation  in  the  reading  of  the  gauge. 

The  difference  between  the  quantity  of  oil  injected  into  sawn  tim- 
ber, as  indicated  by  present  methods  of  measurements,  may  often 
vary  as  much  as  10%  less  than  the  actual  amount.  This  is  due  to 
the  following  caiises : 
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Mr.  Bowser.  The  difference  between  8.7  lb.  per  gal,  the  weight  of  the  oil  at  about 
75°fahr.,  which  is  generally  used  in  calculating  the  quantity  of  oil 
to  be  injected,  and  8.33  lb.  per  gal.,  the  weight  of  the  oil  at  180° 
fahr.,  which  is  about  the  temperature  of  the  oil  in  the  measuring 
tank,  making  a  shortage  of  oil  amounting  to  4% ;  the  difference  in 
the  volume  of  the  oil  when  in  the  measuring  tank  and  when  under 
pressure  in  the  cylinder;  the  running  out  of  some  of  the  oil  from 
the  timber  after  the  pressure  is  released;  the  fullness  of  the  timber 
not  being  taken  into  account;  and  the  loss  by  waste,  which  can  be 
kept  very  low  if  proper  care  is  used.  There  can  be  considerable  loss 
if  care  is  not  taken  in  analyzing  for  water. 

With  proper  specifications  and  proper  inspection,  all  the  fore- 
going discrepancies  can  be  reduced  to  a  very  small  percentage. 

Proposed  Method,  of  Estimating  the  Quantity  of  Oil  Injected, 
hy  Full-Sized  Test  Pieces. — The  most  radical  departure  brought  for- 
ward in  Mr.  Stanford's  paper  is  the  proposed  change  in  the  method 
of  determining  the  quantity  of  oil  injected. 

The  quantity  of  oil  which  different  pieces  of  timber  will  absorb 
varies  greatly  with  the  texture,  the  quantity  of  resin  in  the  ducts, 
the  quantity  of  sap  wood,  the  seasoning,  the  relation  between  thick- 
ness and  breadth,  and  the  length. 

It  is  so  well  known  that  sap  wood  will  absorb  very  much  more  oil 
than  heart  wood  that  nothing  further  need  be  said.  The  variation 
of  the  quantity  of  oil  that  can  be  absorbed  on  account  of  different 
degrees  of  seasoning  is  very  great. 

In  a  16-lb.  treatment,  at  one  works,  a  load  of  branch  pine  piles,. 
50  ft.  long,  which  had  been  seasoning  for  6  or  8  months,  was  given 
a  treatment  in  about  one-third  the  time  usually  taken  for  freshly  cut 
timber.  The  inspector  allowed  three  piles,  only  a  few  days  from 
the  woods,  to  be  put  in  with  the  seasoned  piles,  and,  after  treatment 
it  was  proved  by  boring  that  the  latter  piles  were  well  treated  to 
the  center  and  the  former  were  penetrated  by  the  oil  about  1  in. 
only,  and  that  that  space  was  not  very  well  saturated.  This,  of 
course,  is  an  extreme  case. 

The  writer  has  often  observed  that  the  oil  can  be  injected  into 
piles  which  have  had  only  a  week  or  two  of  seasoning  much  more 
rapidly  than  when  the  piles  are  put  into  the  cylinder  fresh  from  the 
stump,  or  are  taken  out  of  water  storage. 

Piles  allowed  to  lie  in  the  sun,  on  ground  more  or  less  wet,  will 
not  only  show  a  different  degree "  of  seasoning  on  the  upper  and' 
lower  sides,  but,  after  creosoting,  will  show  very  plainly  a  difference- 
of  saturation.  This,  no  doubt,  was  the  cause  of  the  irregular  treat- 
ment of  the  piles  eaten  by  marine  worms  at  the  Pensacola  Navy 
Yard.  These  piles  were  from  West  Pascagoula,  and  nearly  all  were 
delivered  at  the  works  by  water.     In  hauling  them  out,  for  sorting. 
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nil  order,  while  most  of  them  were  put  on  skids,  some  were  allowed  Mr.  Bowser. 
lo  lie  on  the  wet  ground  without  occasional  turning. 

The  relation  between  the  cross-section  and  the  cubic  contents  of 
tiuibor  gives  large  variation  in  the  absorption.  The  absorptive 
power  of  a  12  by  12-in.  stick,  compared  with  a  1-in.  plank,  when  the 
treatment  would  give  about  i  in.  of  penetration,  would  be  as  16 
to  100. 

Ill  sticks  of  the  same  cross-section,  the  shorter  ones  will  absorb 
niore,  on  account  of  the  penetrating  power  of  the  oil  being  greater 
ill  the  ends  of  the  fibers.  In  heavy  treatments  the  oil  vpill  penetrate 
as  much  as  1  ft.  into  the  end  of  heart  wood  if  it  is  not  very  resinous, 
and  it  will  sometimes  penetrate  5  or  6  ft.  into  the  ends  of  sticks  ©f 
loblolly  and  old  field  pine. 

Xo  matter  how  carefully  a  charge  is  inspected,  it  is  only  possible 
to  get  an  average  treatment.  The  writer  doubts  that  human  ability 
can  select  from  a  promiscuous  pile  of  round  or  square  timber  a 
cylinder  load  from  which  two  or  three  or  all  the  pieces  could  be 
weig"tied  before  and  after  treatment  so  as  to  give  a  basis  of  measure- 
ment for  oil  which  would  not  often  vary  as  much  as  100%  or  more, 
from  the  actual  quantity  in  the  timber.  Future  investigation  may 
show  whether  or  not  this  doubt  is  correct. 

Here  is  a  case  in  point,  where  80-ft.  piles  were  gauged  by  5-ft. 
test  pieces :  In  the  calculations  for  the  quantity  of  oil  to  be  in- 
jected into  the  piles,  12%  additional  was  allowed  for  discrepancies 
in  the  measuring  system.  On  account  of  the  short  pieces  having  a 
much  greater  proportion  of  end  wood  exposed  than  the  piles,  the 
result  should  have  shown  a  greater  quantity  of  oil  than  by  the  tank 
measurement,  if  the  absorbing  power  of  the  different  piles  was  ap- 
proximately equal.  The  allowance  for  the  inaccuracies  of  the  meas- 
uring system  would  seem  to  be  very  close  to  what  it  should  have 
been,  and,  no  doubt,  very  nearly  the  correct  quantity  of  oil  to  treat 
the  timber  properly  passed  from  the  measuring  tank  into  the  cylin- 
der, but,  according  to  the  test  pieces,  37^^%  of  the  oil  was  missing. 
From  the  construction  of  the  plant,  the  oil  must  have  gone  either 
into  the  wood  or  into  the  underground  dumping  tank  through  leaking 
valves,  and  the  only  point  to  be  settled  is — which? 

L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer's  Mr.  Le  Conte. 
■experience  in  this  matter  has  been  confined  to  operations  on  the 
Pacific  Coast,  where  the  modus  operandi  is  quite  different,  in  many 
respects ;  but,  nevertheless,  so  far  as  he  is  able  to  judge,  the  final 
results  seem  to  be  about  the  same  as  for  the  method  reported  by  the 
author. 

In  1890,  when  creosoting  works  were  fairly  started  in  California, 
the  writer  was  classed  among  the  stalwart  advocates  of  this  process 
of  preserving  timber.     He  was  untiring  in  his  efforts  to  reduce  the 
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Mr.  Le  Conte.  uncertainties  of  the  process  to  a  minimum,  and,  with  this  end  in 
view,  studied  carefully  the  minutest  details  of  operations  from  the 
very  beginning  to  the  final  taking  out  of  the  finished  product. 
After  the  most  thorough  research  he  is  free  to  state  that  the  very 
best  creosoting  works  in  the  country,  using  the  very  best  grade  of  oil 
and  performing  the  operations  in  the  most  thorovigh  and  conscien- 
tious manner  cannot  turn  out  a  uniformly  good  product.  That  is 
to  say,  the  general  output  of  the  works,  figuratively  speaking,  may 
be  classified  as  follows,  according  to  the  degrees  of  imperfection: 

First. — One-quarter  will  be  found,  on  examination,  to  be  first- 
class  in  every  particular,  with  no  defects. 

Second. — One-quarter  will  be  slightly  imperfect,  but  would  easily 
pass  inspection. 

Third. — One-quarter  will  barely  pass  inspection. 

Fourth. — One-quarter  will  not  pass  inspection  at  all,  and  would 
have  to  be  put  into  the  boiler  for  a  second  dose,  or  sold  to  some  one 
who  is  not  so  particular.  All  four  classes  have  had  the  same  treat- 
ment, administered  by  the  same  competent  men  and  at  the  same 
time,  and  yet  the  final  results  are  widely  different.  There  can  be 
but  one  explanation  for  this  unavoidable  state  of  affairs,  and  that 
is,  the  natural  variations  in  the  physical  character  of  the  timber; 
nothing  else  will  account  for  it.  It  is  extremely  difficult  to  cull  out 
the  inferior  timber  before  preservation,  and,  as  a  rule,  it  is  never 
done. 

The  natural  variations  can  be  brought  out  most  graphically  by 
taking  a  condemned  pile,  cutting  it  into  2-ft.  lengths,  and  then 
critically  examining  the  sections  made  by  the  saw.  Many  years  ago, 
when  the  writer  first  looked  at  them,  they  threw  a  hopeless  cloud  of 
doubt  about  the  efficiency  of  the  entire  process.  Long  experience, 
however,  has  toned  down  these  unavoidable  difficulties  very  ma- 
terially, so  that  now  if  a  uniformly  good  job  is  demanded  the  timber 
must  be  fresh  cut  green  timber,  free  from  physical  defects,  and 
selected  with  the  greatest  possible  care.  Even  then,  physical  defects 
will  crop  out  in  spite  of  every  precaution.  In  the  hurry  of  every- 
day business,  and  especially  when  the  superintendent  of  the  works 
has  a  rush  order,  care  in  selection  of  material  is  simply  out  of  the 
question;  at  all  events,  such  care  is  never  taken,  disappointment  is 
sure  to  follow  in  a  few  months,  and  the  creosoting  plant  is  given  a 
black  eye,  so  to  speak. 

In  preparing  specifications,  there  is  just  one  thing  to  keep  con- 
stantly in  mind,  and  that  is,  one  cannot,,  by  any  set  of  specifications, 
obtain  a  better  product  than  the  creosoting  plant  is  physically  able 
to  produce.  This  is  the  business  limit  beyond  which  one  cannot 
advance.  Therefore,  in  preparing  specifications,  the  first  thing  to 
find  out  is  what  the  creosoting  plant  is  physically  able  to  do;  then 
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the  specifications  should  be  framed  so  as  to  compel  the  works  to  com-  Mr.  Le  Conte. 
ply  with  them. 

In  California  the  treatment  is  quite  different  from  that  described 
by  the  author,  and  a  brief  statement  may  be  of  interest. 

The  timber  to  be  preserved  is  loaded  on  heavy  iron  trucks  and 
run  into  the  boiler,  and  then  the  ends  are  closed  tight. 

All  the  upper  cocks  are  then  closed  and  the  three  bottom  cocks 
are  opened  and  the  vacuum  pumps  started.  The  hot  creosote  oil 
(130°  fahr.)  rises  from  the  ground-tanks  and  gradually  fills  the 
boiler.  The  foreman  watches  the  filling  by  feeling  the  rise  of  the 
hot  line  on  the  shell  of  the  boiler  until  it  is  nearly  full  of  hot  oil. 
Then  he  stops  the  vacuum  pumps,  closes  the  three  bottom  cocks  and 
opens  a  2-in.  safety  cock  on  top  of  the  boiler.  He  then  completes 
the  filling  of  the  boiler  with  an  auxiliary  force  pump  and  watches 
the  filling  until  complete,  by  means  of  the  safety  cock. 

"When  the  boiler  is  full,  superheated  steam  is  turned  into  the 
steam  coils,  in  the  lower  half  of  the  boilers,  the  temperature  of  the 
contents  being  raised  from  130°  to  220°  fahr.,  and  maintained  at 
that  temperature  for  a  period  of  about  10  hours.  The  vapors  of  sap 
and  moisture  from  the  timber  are  blown  off  through  the  safety  cock 
on  top  of  the  boiler.  As  long  as  the  sap  vapors  are  rising  and  dis- 
charging the  temperature  is  easily  held  at  220°  fahr.,  but  as  soon  as 
these  vapors  are  all  driven  off,  the  temperature  rises  rapidly  and  the 
vapors  of  naphthalene  begin  to  blow  off,  and,  condensing,  fall  like 
snowflakes  about  the  boiler  room.  Vaporization  is  finished.  Aux- 
iliary pumps  are  started  once  more  and  the  boiler  entirely  filled. 

All  cocks  of  every  description  are  now  closed  tight,  and,  for  the 
first  time  since  operations  began,  the  pressure  process  begins.  The 
measured  quantity  of  oil,  previously  calculated,  is  then  forced  in 
with  force  pumps,  the  time  required  depending  upon  the  character 
of  the  timber  being  treated,  generally  from  4  to  5  hours.  The  pumps 
keep  up  a  steady  pressure  of  150  lb.  per  sq.  in,  on  the  boiler,  and  the 
steam  coils  below  maintain  a  steady  temperature  of  about  200° 
fahr.  When  the  measured  quantity  is  forced  in,  the  process  is 
completed. 

The  total  time  of  treatment  from  beginning  to  end  generally 
approximates  16  hours.  The  depth  of  penetration  and  quantity  of 
dead  oil  are  the  main  features.  On  the  Pacific  Coast  the  specifica- 
tions generally  call  for  12  to  14  lb.  per  cu.  ft.  The  writer  prefers 
heavier  doses ;  and,  furthermore,  that  the  penetration  of  the  black  oil 
shall  not  be  less  than  1  in,  in  depth.  This  requirement  arises  from 
the  fact  that  the  oil,  while  being  forced  into  the  timber  by  pressure, 
undergoes  a  mechanical  separation,  the  lighter  and  more  fluid  tar- 
acids  and  naphthalene  penetrate  through  the  full  depth  of  the  sap 
wood,  while  the  heavier  poitions,  mostly  the  residuum,  remain  near 
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Mr.  Le  Conte.  the  Surface.  It  is  the  latter  which,  to  his  mind,  constitutes  the  main 
protection  against  the  teredo. 

The  author  refers  to  the  danger  of  the  dilution  of  oil  with  from 
19  to  24%  of  water.  This  danger  could  hardly  arise  in  the  Cali- 
fornia process,  in  which  the  green  timber  is  boiled  in  oil  at  220° 
fahr.  for  10  hours  at  a  stretch,  or  until  all  watery  vapors  disappear. 
This  is  the  highest  temperature  to  which  the  timber  is  subjected  at 
any  time.  The  author's  suggestion  that  the  weight  of  creosote  due 
to  impregnation  is  more  reliable  than  the  volumetric  tank  method 
now  in  vogue  would  hardly  be  practicable  in  the  California  practice. 

The  author's  experience  at  Pensacola,  where  only  5  piles  out  of 
198  were  badly  worm-eaten  after  15  montl:is'  exposure,  seems  to  the 
writer  to  be  a  very  fair  record,  indeed. 
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WILLIAM  MARSHALL  REES,  M.  Am.  Soc.  C.  E. 


Died  December  4th,  1905. 


William  Marshall  Eees  was  born  at  Stroudsburg,  Pennsylvania, 
on  December  24th,  1851,  and  died  at  Memphis,  Tennessee,  on  De- 
cember 4th,  1905. 

He  was  graduated  from  Lehigh  University  in  1874  at  the  head 
of  his  class.  Almost  immediately  after  graduation  Mr.  Rees  went 
with  the  East  Sugar  Loaf  Colliery,  of  Stockton,  Pennsylvania,  as 
Assistant  Superintendent  and  Engineer,  and  remained  with  them 
ill  that  capacity  until  July,  1875,  when  he  left  to  accept  the  position 
of  Superintendent  of  the  Humboldt  Colliery  at  Hazleton,  Pennsyl- 
vania. 

In  January,  1877,  he  left  Hazleton,  to  engage  in  railroad  and 
mining  work.  During  1877-78  he  located  and  constructed  the 
Stroudsburg  and  Bethlehem  Railroad.  During  the  same  time  he 
was  Mining  Engineer  for  G.  B.  Linderman  and  General  Manager 
of  the  Bethlehem  Iron  Company. 

In  December,  1878,  Mr.  Rees  left  his  native  State  to  go  south  and 
engage  in  Government  work  on  the  Mississippi  River  under  the 
Mississippi  River  Commission,  being  attracted  by  the  high  scientific 
character  of  the  work. 

During  the  first  three  years  of  his  Government  service,  he  was 
engaged  on  surveys,  examinations,  gauging  the  river  and  gathering 
other  data  on  which  to  base  plans  for  its  improvement.  During  1881 
he  was  engaged  in  constructing  snagboats  to  be  operated  on  Red 
River.  In  1882  he  went  with  the  Pratt  Coal  and  Coke  Company,  of 
Birmingham,  Alabama,  as  Superintendent.  In  1883  he  returned 
to  the  Government  service  on  the  Mississippi  River  and,  as  Principal 
Assistant  Engineer,  had  charge  of  all  channel  work  in  the  First 
and  Second  Districts.  During  his  Government  service  he  designed 
and  constructed  various  floating  plants  used  in  connection  with 
channel  improvement. 

In  the  latter  part  of  1889  Mr.  Rees  went  with  the  Sanitary  Dis- 
trict of  Chicago  as  Assistant  Chief  Engineer.  Upon  the  resignation 
of  the  Chief  Engineer,  L.  E.  Cooley,  M.  Am.  Soc.  C.  E.,  Mr.  Rees 
also  resigned.     He  then  returned  to  his  old  position  in  the  Govern- 

*  Memoir  prepared  by  W.  M.  Gardner,  M.  Am.  Soc.  C.  E. 
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ment  service,  where  he  remained  until  his  death,  the  result  of  in- 
juries received  in  the  performance  of  duty. 

During  his  different  engagements  Mr.  Rees  did  a  good  deal  of 
expert  work,  being  eagerly  sought  by  those  desiring  such  advice, 
which  he  was  eminently  fitted  to  give.  He  was  a  man  of  broad 
education,  and  possessed  a  wonderful  fund  of  information  in  all 
branches  of  the  profession,  which  he  was  ever  ready  to  impart  to 
the  younger  members. 

It  has  been  the  writer's  good  fortune  to  be  associated  with  Mr. 
Kees  for  the  past  ten  years,  and  he  feels  himself  indebted  to  him  for 
many  kindnesses  received  from  the  helping  hand  so  generously  ex- 
tended to  smooth  over  rough  places. 

Mr.  Rees  was  a  Charter  Member  and  Past-President  of  the 
Memphis  Engineering  Society.  He  was  elected  a  Member  of  the 
American  Society  of  Civil  Engineers  on  October  4th,  1905. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


FIFTY=THIRD  ANNUAL  MEETING.* 

January  17th,  1906.— The  meeting  was  called  to  order  at  10 
A  M. ;  President  C.  C.  Schneider  in  the  chair,  T.  J.  McMinn,  Assist- 
ant Secretary,  acting  as  Secretary;  and  present,  also,  about  350 
members. 

The  reading  of  the  minutes  of  the  meeting  of  January  3d  was 
dispensed  with. 

Messrs.  W.  D.  Kelley,  George  L.  Wilson  and  J.  A.  Knighton 
were  appointed  tellers  to  canvass  the  Ballot  for  Officers  for  the  en- 
suing year. 

*  A  full  report  of  the  Fifty-third  Annual  Meeting  is  printed  on  pages  49  to  84  of  this 
number  of  Proceedings. 
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The  Animal  .Report  of  the  Board  of  Direction  and  the  Annual 
Keports  of  the  Secretary  and  of  the  Treasurer,*  for  the  year  ending 
December  31st,  1905,  were  presented,  and,  on  motion,  duly  seconded, 
accepted  and  placed  on  file. 

A  progress  report,t  from  the  Special  Committee  on  Uniform 
Tests  of  Cement,  was  presented  by  Richard  L.  Humphrey,  M.  Am. 
Soc.  C.  E.,  Secretary  of  that  Committee. 

On  motion,  duly  seconded,  the  report  was  received,  placed  on ' 
file,  and  the  Committee  continued. 

A  majority  report,  and  also  minority  reports,+  from  the  Special 
Committee  on  Rail  Sections,  were  presented  by  Robert  W.  Hunt, 
M.  Am.  Soc.  C.  E.,  Secretary  of  that  Committee. 

On  motion,  duly  seconded,  the  report  was  received,  placed  on  file, 
and  the  Committee  continued. 

A  progress  report,§  from  the  Special  Committee  on  Concrete  and 
Reinforced  Concrete,  was  presented  by  Richard  L.  Humphrey,  Sec- 
retary of  that  Committee. 

On  motion,  duly  seconded,  the  report  was  received,  placed  on  file, 
and  the  Committee  continued. 

The  following  proposed  amendments  to  the  Constitution  were 
then  considered : 

Amend  Article  II,  Section  2,  as  follows: 

Insert  after  the  word  "Civil"  in  the  first  line  "Engineer  who  shall 
have  reached  a  position  of  recognized  standing  in  the  profession,  in 
its  several  branches  including."  Also  strike  out  all  of  the  second 
line  beginning  with  the  word  "Electrical,"  and  insert  "and  Electrical 
Engineering  or  in  Architecture  or  Marine  Architecture."  Also 
strike  out  all  after  the  word  "age"  in  the  fourth  line. 

The  section  will  then  read : 

"2.  A  Member  shall  be  a  Civil  Engineer  who  shall  have  reached 
a  position  of  recognized  standing  in  the  profession,  in  its  several 
branches,  inchiding  Military,  Naval,  Mining,  Mechanical  and  Elec- 
trical Engineering,  or  in  Architecture  or  Marine  Architecture.  He 
shall  be  at  the  time  of  admission  to  membership  not  less  than  thirty 
years  of  age." 

This  amendment  was  proposed  by  Messrs.  James  Owen,  Ralph 
H.  Chambers,  Philip  W.  Henry,  Walter  H.  Sears,  S.  Whinery,  A.  P. 
Boiler  and  Foster  Crowell. 

The  Assistant  Secretary  read  letters  relating  to  this  amendment 
from  Messrs.  Charles  H.  Ledlie,  L.  S.  Randolph,  Dugald  C.  Jackson, 
Benjamin  Thompson,  Edward  M.  Boggs,  Ellis  B.  Noyes,  Joseph 
Lillich,  A.  B.  Wood,  Robert  L.  Lund  and  Mark  L.  Ireland. 

*  The  Annual  Reports  of  the  Board  of  Direction,  the  Secretary  and  the  Treasurer 
may  he  found  on  pages  7  to  18  of  the  Proceedings  for  January,  1906  (Vol.  XXXII.) 
t  See  page  49. 
i  See  page  50. 
§  See  page  64. 
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S.  "Wliiiicry,  M.  Am.  Soc.  C.  E.,  presented  the  following  motion: 

"That  the  amendments  be  referred  to  a  committee  of  five  Cor- 
porate Members,  to  be  appointed  by  the  President,  which  committee 
shall  report  to  the  next  Annual  Convention  what,  if  any,  changes 
they  deem  advisable  in  tho  present  classification  of  the  membership 
of  the  Society,  or  in  the  qualifications  for  each  grade  of  membership; 
and  submit  any  amendments  to  these  amendments  which  they  may 
recommend." 

This  motion  was  seconded  by  Foster  Crowell,  M.  Am.  Soc.  C.  E. 

E.  P.  North,  M.  Am.  Soc.  C.  E.,  moved  in  amendment  that  the 
five  Corporate  Members  mentioned  in  the  motion  be  increased  by 
one  Associate  and  one  Junior,  which  amendment  was  accepted. 

The  motion  was  then  put  to  vote  and  carried  unanimously. 

The  following  were  appointed  members  of  the  Nominating  Com- 
mittee to  serve  two  years : 

John  H.  Cook Bepresentlng  District  No. 

Leonard    Metcalf 

a.  h.  sutermeister 

Edgar   Marburg "  "  "    If. 

John  W.  Alvord "  "  "5, 

A.  H.  Zeller "  "  "6 

Frank  O.  Marvin "  "  "     7 

The  Assistant  Secretary  reported  that  the  Board  of  Direction 
had  aw^arded  the  prizes  for  the  year  ending  with  the  month  of  July, 
1905,  in  accordance  with  the  recommendations  of  the  Committee 
appointed  for  that  purpose,  as  follows: 

That  the  Norman  Medal  be  awarded  to  Paper  No.  997,  "The 
Structural  Design  of  Buildings,"  by  C.  C.  Schneider,  President, 
Am.  Soc.  C.  E. 

That  the  Thomas  Fitch  Rowland  Prize  be  awarded  to  Paper 
No.  981,  "Lake  Cheesman  Dam  and  Reservoir,"  by  Charles  L.  Har- 
rison, M.  Am.  Soc.  C.  E.,  and  Silas  H.  Woodard,  Assoc.  M.  Am. 
Soc.  C.  E.  (now  M.  Am.  Soc.  C.  E.). 

That  the  Collingwood  Prize  be  awarded  to  Paper  No.  983, 
"Lateral  Earth  Pressures  and  Related  Phenomena,"  by  E.  P.  Good- 
rich, Jun.  Am.  Soc.  C.  E.  (now  M.  Am.  Soc.  C.  E.). 

The  Assistant  Secretary  announced  that  the  Thirty-eighth  Annual 
Convention  would  be  held  at  The  Hotel  Frontenac,  Thousand 
Islands,  New  York,  on  June  26th  to  29th,  1906. 

The  Assistant  Secretary  announced  the  death  of  Francis  Edward 
Snyder,  elected  Member,  September  6th,  1905;  died  December  23d, 
1905. 

The  report  of  the  tellers*  appointed  to  canvass  the  Ballots  for 
Officers  for  the  ensuing  year  was  presented. 

*  See  page  73. 
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The  President  announced  the  election  of  the  following  officers: 

President,  to  serve  one  year: 
Frederic  P.  Stearns,  Boston,  Mass. 

Vice-Presidents,  to  serve  two  years: 
Onward  Bates,  Chicago,  111. 
Bernard  R.   Green^   Washington,   D.    C. 

Treasurer,  to  serve  one  year: 
Joseph  M.  Knap,  New  York  City. 

Directors,  to  serve  three  years: 
George  GroBs,  New  York  City. 
J.  Waldo  Smith,  New  York  City. 
Emil  Swensson,  Pittsburg,  Pa. 
James  M.  Johnson,  Louisville,  Ky. 
Wynkoop  Kjersted,  Kansas  City,  Mo. 
William  B.  Storey,  Jr.,  Topeka,  Kans. 

Mr.  Green  and  Mr.  Swensson  conducted  Mr.  Stearns,  the  Presi- 
dent-elect, to  the  chair. 

Mr.  Stearns  addressed  the  meeting  briefly. 

Adjourned. 

February  7th,  1906 — The  meeting  was  called  to  order  at  8.35 
p.  M. ;  President  Frederic  P.  Stearns  in  the  chair;  T.  J.  McMinn, 
Assistant  Secretary,  acting  as  Secretary;  and  present,  also,  109 
members  and  26  guests. 

The  minutes  of  the  meeting  of  January  3d,  1906,  were  approved 
as  printed  in  the  Proceedings  for  January,  1906. 

A  paper,  entitled  "Test  of  a  Three-Stage,  Direct-Connected 
Centrifugal  Pumping  Unit,"  by  Philip  E.  Harroun,  M.  Am.  Soc. 
C.  E.,  was  presented  by  the  Assistant  Secretary,  who  also  read  a 
written  communication  on  the  subject  from  Elmo  G.  Harris,  M.  Am. 
Soc.  C.  E.  The  paper  was  discussed  further  by  H.  F.  Dunham, 
M.  Am.  Soc.  C.  E. 

Ballots  for  membership  were  canvassed,  and  the  following  can- 
didates elected: 

As  Members. 

George  Gray  Anderson,  Denver,  Colo. 
Walter  Francis  Ballinger,  Philadelphia,  Pa. 
Sverre  Dahm,  New  York  City. 
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George  Tillinuiiast  Hammond,  New  York  City. 
John  Farnswortii  Hammond,  New  York  City. 
William  Huggins,  Sao  Paulo,  Brazil. 
Andrew  Murray  Hunt,  San  Francisco,  Cal. 
WiLLUM  Henry  Hunter,  Manchester,  England. 
LuiGi  LuiGGi,  Eome,  Italy. 
WiLLL-vM  Edwin  Moore,  Clarkston,  Wash. 
William  Mueser,  New  York  City. 
Henry  Irwin  Randall,  Berkeley,  Cal. 

As  Associate  Members. 

James  Ray  Aikenhead,  East  Liverpool,  Ohio. 

De  Witt  Dukes  Barlow,  Cape  May  City,  N.  J. 

Lorenzo  Dana  Cornish,  Beaver,  Pa. 

George  Washington  Craig,  Omaha,  Nebr. 

Frederick  Willum  Dencer,  Chicago,  111. 

Franklin  Edward  Estes,  Rincon  Antonio,  Oaxaca,  Mexico. 

Maurice  Goldenberg,  Detroit,  Mich. 

Edmund  Ryond  Halsey,  Newark,  N.  J. 

Harry  Garfield  Harrington,  New  York  City. 

George  Rogers  Heckle,  Columbus,  Ohio. 

Henry  Detrick  Jouett,  New  York  City. 

John  Edward  Kirkham,  Ambridge,  Pa. 

Egbert  Jessup  Moore,  New  York  City. 

Arthur  Tappan  North,  Chicago,  111. 

Chikao  Oinouye,  Steelton,  Pa. 

Albert  Henry  Perkins,  Chinook,  Mont. 

John  Richards  Pill,  Carbon  Hill,  Ala. 

Paul  August  Schuchart,  New  York  City. 

Willard  Wilberforce  Stone,  Syracuse,  N.  Y. 

Frank  Hamant  Trow,  Clinton,  Mass. 

Earle  Hubbel  Welles,  Cleveland,  Ohio. 

Ezra  Bailey  Whitman,  New  York  City. 

Samuel  Walter  Willl\ms,  New  York  City. 

Charles  Sumner  Williamson,  Pittsburg,  Pa. 

As  Associates. 

Coleman  Meriwether,  New  York  City. 

Albert  Moyer,  New  York  City. 

John  McGaw  Woodbury,  New  York  City. 

The  Assistant  Secretary  announced  the  transfer  of  the  foUowing^ 
candidates,  by  the  Board  of  Direction,  on  February  6th,  1906: 
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From  Associate  Member  to  Member. 

RiCARDo  Manuel  Arango^  Panama,  Panama. 
George  Thomas  Barnsley,  Pittsburg,  Pa. 
Edward  Francis  Haas,  San  Francisco,  Cal. 
Eugene  Lentilhon,  New  York  City. 
Fred  William  Lepper,  Cleveland,  Ohio. 
Amos  Schaeffer,  New  York  City. 


The  election  of  the  following  candidates,  by  the  Board  of  Di- 
rection : 

As  Juniors. 
On  September  5th,  1905 : 

Frank  C.  Huntsman^  Macon,  Mo. 

On  December  5th,  1905 : 

Leon  Lincoln  Gay,  Minidoka,  Idaho. 

On  January  2d,  1906 : 

Francis  Winfield  Collins^  New  York  City. 
Charles  Houchin  Higgins,  Jersey  City,  N.  J. 
Harold  Scott  Loughran,  New  Rochelle,  N.  Y. 
Alfred  Marshall  Wyman,  East  Orange,  N.  J. 

On  February  6th,  1906 : 

Lewis  Paul  Bremer,  New  Rochelle,  N.  Y. 
Elmer  George  Brua^  Monterey,  Cal. 
Francis  Stirling  Crowell,  Flushing,  N.  Y. 
William  Earle  Elam,  Empire,  Canal  Zone,  Panama. 
Fritz  Louis  Metzger,  Freedom,  Pa. 
Kenneth  Dunham  Owen,  Montclair,  N.  J. 
Lionel  Henry  Peabody^  Jr.,  Providence,  R.  I. 
Lafayette  Clowe  Reynolds,  Mt.  Vernon,  N.  Y. 
Albert  Irvine  Stiles,  Lima,  Peru. 
MoRiTz  Wormser,  New  York  City. 

The  Assistant  Secretary  announced  the  following  deaths: 
Carl  Christian  Adolph  Both,  elected  Member,  September  2d, 

1891;  died  January  12th,  1906. 

Joseph  Hockman  Bowman,  elected  Associate  Member,  December 

2d,  1903;  date  of  death  unknown. 

Adjourned. 
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February  14th,  1906.  Extra  Meeting — -The  meeting  was  called 
to  order  at  S.40  p.  m.;  Vice-President  Kuichling  in  the  chair;  T.  J. 
McMinn,  Assistant  Secretary,  acting  as  Secretary;  and  present, 
also,  65  members  and  20  guests. 

A  lecture,  entitled  "Telephone  Line  Engineering,"  was  presented 
by  C.  J.  H.  Woodbury,  M.  Am.  Soc.  C.  E.,  and  illustrated  with 
lantern  slides. 

A  vote  of  thanks  to  Mr,  Woodbury  for  his  interesting  lecture 
was  passed  unanimously. 

February  21st,  1906. — The  meeting  was  called  to  order  at  8.40 
p.  M.,  Charles  S.  Gowen,  Director,  in  the  chair;  ¥.  J.  McMinn, 
Assistant  Secretary,  acting  as  Secretary;  and  present,  also,  103  mem- 
bers and  31  guests. 

A  paper  by  John  S.  Sewell,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Economical  Design  of  Reinforced  Concrete  Floor  Systems  for  Fire- 
Resisting  Structures,"  was  presented  by  the  author. 

The  paper  was  discussed  orally  by  Messrs.  E.  P.  Goodrich,  J. 
Kahn  and  H.  T.  Forchhammer,  and  illustrated  with  lantern  slides. 

Adjourned. 
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OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

January    2d,  1906. — President   Schneider    in   the   chair;    Chas. 
Warren  Hunt,  Secretary ;  and  present,  also,  Messrs.  Bissell,  Bowman, 
Craven,  Croes,  Curtis,  Gowen,  Knap,  N.  P.  Lewis,  and  Osgood. 
Action  was  taken  in  regard  to  members  in  arrears  for  dues. 
The    following    report    was    received    from    the    Committee    on 
Award  of  Prizes : 

"Philadelphia,  Pa.,  Dec.  26th,  1905. 
"To  the  Board  of  Direction, 

American  Society,  Ch'il  Engineers, 

New  York. 

''Gentlemen: — Your  Committee  appointed  for  the  purpose,  rec- 
ommend the  award  of  prizes  for  papers  published  during  the  year 
ending  July  1st,  1905,  as  follows: 

''The  Norman  Medal  to  Mr.  C.  C.  Schneider,  for  Paper  No.  997, 
'The  Structural  Design  of  Buildings.' 

"The  Thomas  Pitch  Eowland  Prize  to  Messrs.  Charles  L.  Harri- 
son and  Silas  H.  Woodard,  for  Paper  No.  981,  'Lake  Cheesman  Dam 
and  Reservoir.' 

"The  Collingwood  Prize  for  Juniors  to  Mr.  E.  P.  Goodrich,  for 
Paper  No.  983,  'Lateral  Earth  Pressures  and  Related  Phenomena.' 

"James  Christie, 
"J.  T.  Fanning, 
"F.  C.  Kunz, 

"Committee." 

The  Norman  Medal,  The  Thomas  Fitch  Rowland  Prize,  and  the 
Collingwood  Prize  for  Juniors  were  awarded  in  accordance  with  the 
recommendations  of  the  foregoing  report. 

The  following  resignations  were  accepted  as  taking  effect  De- 
cember 31st,  1905 : 

Members  : 
Ernesto  J.  Balbin, 
Alfred  Willard  French. 

Associate  Members: 
George  H.  Crafts, 
Ralph  Peverley, 
Edmund  P.  Ramsey. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Two  Associate  Members  were  transferred  to  the  grade  of  Member, 
and  thirteen  candidates  for  Junior  were  elected. 

Adjourned. 
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January  17th,  1906. — The  Board  met  during  the  Annual  Meet- 
ing, as  required  by  the  Constitution,  President  Frederic  P.  Stearns 
in  the  chair;  T,  J.  McMinn,  Assistant  Secretary,  acting  as  Secre- 
tary; and  present,  also,  Messrs.  Bissell,  Bowman,  Ellis,  Fisher, 
Gowen,  Green,  Lewis,  Noble,  Schneider,  Sherrerd,  Smith,  and 
Swensson, 

The  following  Standing  Committees  were  appointed: 

Finance  Committee :  Emil  Kuichling,  Charles  S.  Gowen,  George 
Gibbs,  M.  L.  Holman,  George  S.  Pierson. 

Publication  Committee:  Morris  R.  Sherrerd,  J.  Waldo  Smith, 
Onward  Bates,  Bernard  R.  Green,  George  S.  Webster. 

Library  Committee:  Nelson  P.  Lewis,  A.  L.  Bowman,  Ralph 
Modjeski,  H.  Bissell,  Chas.  Warren  Hunt. 

A  Committee  on  Membership  was  also  appointed. 

A  letter-ballot  was  ordered  for  the  election  of  a  Secretary  for 
the  ensuing  year. 

Frederic  P,  Stearns,  President,  Am.  Soc.  C.  E.,  was  selected 
from  the  membership  of  the  Society  as  a  Member  of  the  John  Fritz 
Medal  Board  of  Award. 

Adjourned. 

February  6th,  1906. — 8.40  p.  m. — President  Stearns  in  the  chair; 
T.  J.  McMinn,  Assistant  Secretary,  acting  as  Secretary;  and  present, 
also,  Messrs.  Bissell,  Bowman,  Ellis,  Gibbs,  Gowen,  Knap,  Kuichling, 
Lewis,  Noble,  Schneider,  and  Smith. 

Ballots  for  the  election  of  a  Secretary  were  canvassed,  and  Chas. 
Warren  Hunt,  having  received  29  votes,  was  declared  elected. 

In  compliance  with  the  action  of  the  Annual  Meeting,  the  fol- 
lowing Committee  on  Amendments  to  the  Constitution  was  ap- 
pointed by  the  President:  Messrs.  Samuel  Whinery,  Alfred  Noble, 
Onward  Bates,  Morris  R.  Sherrerd,  and  Samuel  E.  Tinkham,  repre- 
senting the  Corporate  Members;  John  C.  Trautwine,  Jr.,  represent- 
ing the  Associates,  and  Thaddeus  Merriman,  representing  the 
Juniors. 

The  following  resolutions  were  adopted  unanimously: 

"Resolved,  That  the  thanks  of  the  American  Society  of  Civil 
Engineers  be  extended  to  the  Commandant  and  Officers  attached  to 
the  New  York  Navy  Yard  for  their  kindness  and  courtesy  in  re- 
ceiving the  members  of  this  Society  at  the  Yard,  and  permitting 
the  inspection  of  the  various  buildings,  dry  docks,  etc.,  the  XT.  S. 
Battleship  Connecticut,  and  other  interesting  and  instructive 
features." 

"Resolved,  That  the  thanks  of  the  American  Society  of  Civil 
Engineers  be  extended  to  Gen.  Howard  Carroll  and  to  the  Hon. 
John  H.  Starin  for  their  great  kindness  and  courtesy  in  placing  at 
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the  disposal  of  the  Society  the  steamer  Valley  Girl  on  the  occasion 
of  the  Annual  Meeting,  January  18th,  1906,  which  enabled  a  large 
party  of  members  of  the  Society  to  make  a  very  pleasant  excursion 
to  the  New  York  Navy  Yard  and  other  points  of  interest." 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Six  Associate  Members  were  transferred  to  the  grade  of  Member, 
and  ten  candidates  were  elected  Juniors. 

Adjourned. 
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REPORT  IN   FULL  OF  THE  FIFTY=TH1RD  ANNUAL 
MEETING,  JANUARY  17th  AND   i8th,   1906. 

Wednesday,  January  17th,  1906. — The  meeting  was  called  to 
order  at  10  a.  m.;  President  C.  C.  Schneider  in  the  chair;  T.  J. 
McMinn,  Assistant  Secretary,  acting  as  Secretary;  and  present, 
also,  about  350  members. 

The  PREsroENT. — The  meeting  will  please  come  to  order.  The 
minutes  of  January  3d,  1906,  in  accordance  with  the  custom,  will 
be  printed  in  the  January  number  of  Proceedings,  and  come  up  in 
due  course  for  action  at  the  meeting  of  February  7th,  1906.  In 
view  of  this  fact,  the  reading  of  the  minutes  will  be  dispensed  with, 
unless  some  call  is  made  for  them. 

The  Chair  appoints  the  following  gentlemen  as  tellers  to  can- 
vass the  Ballots  for  Officers  to  be  elected  at  this  meeting:  Messrs. 
W.  D.  Kelley,  George  L.  Wilson  and  J.  A.  Knighton.  The  ballot 
does  not  close  until  twelve  o'clock,  noon,  but  to  enable  a  report  to  be 
made  as  soon  as  possible  after  that  time,  the  tellers  will  please  pro- 
ceed with  their  duty  at  once.  Ballots  will  be  received  until  twelve 
o'clock.     At  that  hour  the  ballot  will  be  declared  closed. 

The  next  order  of  business  is-the  report  of  the  Board  of  Direction. 

The  Assistant  Secretary  read  the  report  of  the  Board  of  Direc- 
tion.* 

The  President. — The  report  of  the  Secretary.! 

The  Assistant  Secretary  read  the  report  of  the  Secretary. 

The  PREsroENT. — The  report  of  the  Treasurer  will  be  read  by 
Mr.  Knap. 

The  Treasurer  read  his  report.^ 

The  President. — Gentlemen,  you  have  heard  the  reports  of  the 
Board  of  Direction,  the  Secretary,  and  the  Treasurer,  and  if  there 
is  no  objection  to  them  they  will  be  received  and  placed  on  file. 

On  motion,  duly  seconded,  the  reports  of  the  Board  of  Direction, 
the  Secretary,  and  the  Treasurer  were  received  and  placed  on  file. 

The  President. — The  report  of  the  Special  Committee  on  Uni- 
form Tests  of  Cement,  by  Mr.  George  S.  Webster,  Chairman. 

Richard  L.  Humphrey,  M.  Am.  Soc.  C.  E. — Mr.  Webster,  the 
Chairman  of  the  Committee  is  unable  to  be  present  to-day,  and  I. 
as  Secretary,  have  been  asked  to  read  the  report,  which  is  very  brief. 

January  17th,  1906. 
To  the  President  and  Members, 

American  Society  of  Civil  Engineers. 
Gentlemen  : 

The  investigations  in  progress  have  not  advanced  sufficiently  to 
reach  definite  conclusions,  and  your  Special  Committee  on  Uniform 


*  See  Proceedings,  Vol.  XXXII,  p.  7  (January,  1906). 
t  See  Proceedings,  Vol.  XXXII,  p.  16  (January,  1906). 
t  See  Proceedings,  Vol.  XXXII,  p.  15  (January,  1906). 
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Report  of  the   Tests  of  Cement  is  unable  to  present  a  final  report  at  this  time,  and 
Comm?rtee     it  asks,  therefore,  that  it  be  continued. 


Committee  ; 

George  S.  Webster, 
Richard  L.  Humphrey, 
George  F.  Swain, 
Alfred  Noble, 
Louis  C.  Sabin, 
Spencer  B.  Newberry, 
Clifford  Eichardson, 
r.  H.  Lewis, 
W.  B.  W.  Howe. 


G.  S.  Webster, 

Chairman; 
Richard  L.  Humphrey, 

Secretary. 


The  President. — Gentlemen,  you  have  heard  the  report  of  the 
Special  Committee  on  Uniform  Tests  of  Cement.  What  action  do 
you  want  taken  in  regard  to  it? 

It  was  moved  and  seconded  that  the  report  be  received  and  the 
Committee  be  continued. 

The  motion  was  carried. 

The  President. — The  report  of  the  Special  Committee  on  Rail 
Sections. 

Robert  W.  Hunt,  M.  Am.  Soc.  C.  E.,  Secretary  of  the  Special 
Committee  on  Rail  Sections. — May  I  request  that  the  Secretary 
read  that  report?  I  am  not  sure  whether  or  not  the  Chairman  is 
here. 

The  report  of  the  Special  Committee  on  Rail  Sections  was  read 
by  the  Assistant  Secretary,  as  follows: 

REPORT  OF  THE  SPECIAL  COMMITTEE  ON  RAIL  SECTIONS. 

To  the  American  Society  of  Civil  Engineers, 
Gentlemen  : 

Your  Special  Committee  on  Rail  Sections  respectfully  report  that 
the  instructions  under  which  they  were  appointed  in  1902  are: 

1.- — To  report  upon  the  results  obtained  in  the  use  of  rails  of  the 
sections  presented  to  the  Society  in  Annual  Convention,  August  2d, 
1893,  by  a  special  committee  appointed  for  that  purpose; 

2. — To  report  whether  any  modification  of  any  of  said  sections 
is  advisable,  and,  if  so,  to  recommend  such  modification; 

S. — To  report  upon  the  recognized  practice  as  to  chemical  com- 
position and  mechanical  treatment  used  in  the  manufacture  of  rails, 
and  the  manner  of  inspection  of  the  same; 

^. — To  report  upon  the  advisability  of  the  establishment  of  a 
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form  of  specification  covering  the  manufacture  and  inspection  of 
rails; 

5. — If  found  advisable,  to  recommend  a  form  of  specification  for 
the  manufacture  and  inspection  of  rails. 

Since  their  appointment,  they  have  held  as  many  meetings  as 
the  progress  of  their  work  seemed  to  require;  in  addition  to  which, 
and,  in  fact,  in  pursuance  of  the  action  of  the  Committee  at  those 
meetings,  extensive  correspondence  has  been  carried  on  by  the  officers 
of  the  Committee  with  the  officials  of  the  principal  railroads  of  the 
United  States,  Canada,  and  Mexico.  There  has  also  been  corre- 
spondence with  the  officers  of  the  Rail  Committee  of  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association,  and  one 
joint  meeting  held  with  that  Committee.  There  have  also  been  two 
meetings  with  a  Committee  representing  the  Steel  Rail  Manufac- 
turers of  the  United  States. 

Your  Committee  would  now  report : 

1. — To  report  upon  the  results  obtained  in  the  use  of  rails  of  the 
sections  presented  to  the  Society  in  Annual  Convention,  August  2d, 
1S9S,  hy  a  special  committee  appointed  for  that  purpose: 

During  1905  reports  have  been  received  from  79  of  the  leading 
railroads  of  the  United  States,  Canada  and  Mexico. 

13  roads  had  no  criticism  to  make  for  or  against  the  American 
Society  Sections. 

23  roads  say  they  are  entirely  satisfactory. 
2  say  emphatically  they  are  good  standards. 

14  roads  criticized  the  shape  of  head. 
2  roads  criticized  the  web. 

2  roads  say  it  ought  to  have  a  broader  base. 

Some  other  criticisms  refer  to  the  vertical  sides,  which,  they  claim, 
wear  the  wheel  flanges,  and  some  other  slight  changes  in  shape  are 
suggested. 

48  railroads  reported  that  the  Society's  sections  were  their  stand- 
ard. 

10  railroads  reported  that  they  did  not  use  them. 

19  railroads  have  used  them  partially  as  standard. 

3  railroads  have  used  them,  but  do  not  now. 

63  railroads  say  positively  they  intend  to  use  them  as  standard. 

14  say  they  will  not  do  so. 

2  say  they  will  probably  use  them. 

2. — To  report  whether  any  modification  of  any  of  said  sections 
is  advisable,  and,  if  so,  to  recommend  such  modification : 

What  are  popularly  known  as  the  rail  sections  of  this  Society 
were  recommended  by  a  special  Committee  in  1893.  For  the  year 
ending  June  30th,  1905,  the  following  percentage  of  their  total  out- 
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82% 


put  was  rolled  by  eight  mills  in  the  United  States  for  domestic  and 
export  uses : 

Domestic. 

Pennsylvania   Steel   Co .  . . 

Maryland  Steel  Co 

Cambria  Steel  Co 77% 

Illinois  Steel  Co 84% 

Carnegie   Steel  Co 69.34% 

Lackawanna  Steel  Co 99.3% 

Tennessee  Coal  &  Iron  Co.  .  88.6% 

Colorado  Fuel  &  Iron  Co.  ..  65% 


Foreign. 

Practically  none. 

None. 

None. 

78.9% 

Practically  none. 

None. 

None. 


Since  1893  the  speed  of  trains,  and  wheel  loads,  have  been  in- 
creased proportionately  very  much  more  than  "the  weight  of  rails. 
The  increase  in  driving-wheel  loads  is  approximately  60%,  while 
the  maximum  weight  of  rails  has  increased  from  80  to  100  lb.,  or 
25  per  cent. 

Rails  of  the  heavier  sections  are  not  giving  the  service  ex^Dected 
of  them,  even  after  making  due  allowance  for  the  increased  traffic 
tonnage  or  for  the  trouble  caused  by  badly  balanced  driving  wheels, 
and  poor  condition  of  rolling  stock  and  roadbed,  but,  after  due  con- 
sideration of  all  the  information  collected,  your  Committee  does  not 
feel  justified  in  now  recommending  any  modifications  of  the  sections. 

3. — To  report  upon  the  recognized  practice  as  to  chemical  com- 
position and  mechanical  treatment  used  in  the  manufacture  of  rails, 
and  the  manner  of  inspection  of  the  same: 

In  relation  to  the  chemical  composition  of  rails  made  by  the  acid 
Bessemer  process,  the  general  practice  in  the  United  States  is  to 
accept  what  are  known  as  the  Manufacturers'  Standard  Specifica- 
tions.    These  are: 

70  lb.  up  to 
80  1b. 

Carbon 0.45  to  0.55 

Phosphorus,  not  over.  0.10 

Silicon,  not  over 0.20 

Manganese    0.75  to  1.00 


80  lb.  up  to 
90  1b. 

0.48  to  0.58 

0.10 

0.20 

0.80  to  1.10 


90  lb.  up  to 
1001b. 

0.50  to  0.60 

0.10 

0.20 

0.80  to  1.10 


Previous  to  December  10th,  1904,  the  carbon  percentages  were 
five  points  lower,  the  other  elements  being  amounts  as  now.  Some 
railroads  have  insisted  and  obtained  modifications  by  which  the 
carbon  percentages  have  been  increased  and  the  phosphorus  kept  not 
to  exceed  0.085  per  cent.  In  a  few  instances,  phosphorus  has  been 
held  lower,  but  such  rails  are  now  made  only  from  a  large  admixture 
of  imported  ores.  Some  of  the  Canadian  roads  have  been  able  to 
obtain,  from  the  United  States  rail  makers,  80-lb.  American  Society 
section  rails  with  the  following  actual  composition: 
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Carbon    0.58     to  0.64,    average  0.60 

Phosphorus    0.059  to  0.071 

Silicon    0.125  to  0.165 

Sulphur    0.049  to  0.056 

Manganese 0.93     to  0.96 

The  Bessemer  rails,  which  the  same  parties  are  having  manu- 
factured in  Canada,  contain: 

Carbon 0.53     to  0.63,    average  0.58 

Phosphorus,  not  to  exceed  0.085 

Silicon 0.075  to  0.15 

Sulphur,  not  to  exceed.  .  0.075 

Manganese 0.80    to  1.10 

Up  to  the  present  time,  it  has  not  been  proven  that  the  Basic  Bes- 
semer process  of  rail  making  is  commercially  practical  \pith  Ameri- 
can iron  ores.  The  Basic  Open-Hearth  process  has  reached  enor- 
mous development  in  the  United  States,  but  only  one  plant  is  regu- 
larly putting  its  steel  into  rails.     Their  standard  specifications  are: 

70  lb.  up  to  80  lb.  up  to  90  lb.  up  to 

80  lb.  90  lb.  100  lb. 

Carbon   0.50  to  0.60  0.55  to  0.65  0.58  to  0.68 

Phosphorus,  not  over.  0.06  0.06  0.06 

Silicon,  not  over 0.20  0.20  0.20 

Manganese    0.75  to  1.05  0.80  to  1.10  0.80  to  1.10 

There  is  also  a  Basic  Open-Hearth  rail  mill  in  Canada. 

The  mechanical  treatment  of  the  metal  differs  somewhat  in  the 
practice  of  the  largest  American  rail  producers.  At  three  mills 
the  bloom  is  reheated  after  leaving  the  blooming  rolls,  and  before 
entering  the  rail  rolls.  At  the  others,  the  rolling  process  is  a  con- 
tinuous one,  from  the  time  the  ingots  are  drawn  from  the  heating 
furnaces.  All  but  two  of  the  mills  have  three-high  trains  of  rail 
rolls.  During  several  years,  all  the  mills  have  been  crowded  with 
work,  and  the  tendency  has  been  to  use  every  exertion  to  increase 
production.  In  your  Committee's  opinion,  this  has  led  to  rolling 
the  steel  at  too  rapid  a  reduction  and  at  too  high  a  temperature,  and 
to  other  details  which  largely  account  for  the  unsatisfactory  service 
given  by  the  heavy-sectioned  rails. 

Practically  all  large  purchasers  of  rails  have  them  inspected  at 
the  mills  either  by  men  detailed  from  their  own  organization  or  by 
professional  inspectors.  Such  inspection  covers  seeing  that  the 
provisions  of  the  specifications  under  which  the  rails  have  been  pur- 
chased are  observed;  particularly  checking  the  accuracy  of  section, 
squareness  and  length  of  sawing,  accuracy  of  drilling,  straightnes3 
in  line  and  surface,  and  freedom  from  mechanical  defects. 
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KaU  Sections  form  of  specification  covering   the  manufacture  and  inspection  of 

(continued).  ^.^-^^ . 

In  this  country  rails  are  made  by  two  processes — Acid  Bessemer 
and  Basic  Open  Hearth — the  former  process  covering  quite  90%  of 
the  production.  On  the  continent  of  Europe  nearly  all  rails  are 
made  by  the  Basic  Bessemer,  and  in  England,  with  the  exception  of 
one  works,  all  commercial  rails  are  made  by  the  Acid  Bessemer 
process,  the  difference  in  the  practice  of  the  several  countries  being 
occasioned  by  the  character  of  their  available  iron  ores.  The  same 
controlling  influence  must  be  recognized  in  preparing  chemical  and 
other  specifications  for  the  manufactl^re  of  rails  in  this  country. 
Your  Committee  believe  that  a  low  percentage  of  phosphorus  and 
high  percentage  of  carbon  make  a  better  rail  steel  than  when  the 
amount  of  the  former  element  necessitates  the  curtailment  of  the 
latter.  When  rails  of  lighter  sections  were  used,  chemical  con- 
ditions were  not  so  important  as  with  the  heavier  ones ;  this,  because 
the  rolling  down  of  the  steel  to  the  smaller  sections  of  necessity  gave 
it  more  work,  and  also  finished  the  rail  at  a  lower  temperature;  thus 
producing  a  finer-grained  and  tougher  metal.  This  partially  ex- 
plains why  so  many  of  the  early  steel  rails  gave  good  physical  re- 
sults, while  their  chemical  composition  was  so  irregular. 

Taking  everything  into  consideration,  your  Committee  think  it 
advisable  to  present  specifications  covering  the  manufacture  and 
inspection  of  rails,  but  realize  that  restraining  commercial  ore  con- 
ditions keep  them  from  being  ideal  ones,  chemically;  and  existing 
manufacturing  plants  and  practice  limit  what  can  be  specified  for 
the  physical  treatment  of  the  steel ;  but,  believing,  as  your  Committee 
do,  that  the  physical  treatment  is  of  as  great  importance  as  the 
chemical  composition,  they  do  recommend  certain  requirements 
which  should  be  enforced.  These  will  tend  toward  the  production 
of  better  wearing  rails,  and  also  safer  ones.  Your  Committee  recog- 
nize that  commercial  conditions  cannot  be  entirely  disregarded  by 
engineers,  but,  at  the  same  time,  they  believe  that  when  it  is  known 
that  existing  practice  results  in  danger  to  human  life  and  limb,  it 
becomes  the  duty  of  the  engineer  to  insist  on  their  being  changed, 
even  though  that  necessitates  either  a  greater  cost  to  the  consumer 
or  a  somewhat  less  profit  to  the  producer.  That  point  will  adjust 
itself,  but  the  safer  practice  should  be  demanded.  This  view  con- 
trolled your  Committee  in  framing  the  clause  of  these  recommended 
specifications  governing  the  shearing  of  the  rail  blooms,  as  it  is  well 
known  that  one  of  the  frequent  causes  of  failure  of  steel  rails  is  due 
to  piping,  and  that  this  comes  from  unsound  ingots.  Unfortu- 
nately, such  failures  often  cause  accidents  which  result  in  large 
material  damage,  and,  what  is  worse,  the  loss  of  life.     Frequently, 
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such  interior  defects  cannot  be  detected  until  after  the  rails  have 
been  subjected  to  traffic,  hence  it  is  of  the  greatest  importance  that 
care  should  be  exercised  in  the  manufacture  with  a  view  uf  reducing 
the  danger  to  a  minimum. 

Your  Committee  have  studied  the  results  obtained  from  Basic 
Open-Hearth  steel  rails,  and,  while  their  use  has  not  extended  over 
many  years,  at  the  same  time,  the  evidence  points  to  their  giving 
better  service  than  the  Bessemer  rails.  This  is  strikingly  demon- 
strated by  certain  exiierimental  very  high  carbon  rails  laid  on  the 
lines  of  the  Pennsylvania  Eailroad.  It  must  be  understood  that  the 
physical  differences  of  the  two  steels  are  not  entirely  due  to  their 
chemical  composition;  as  it  is  a  well-known  metallurgical  fact  that 
steel  made  by  the  Basic  Open-Hearth  process  possesses  character- 
istics of  its  own. 

They  have  prepared  specifications  for  both  Bessemer  and  Basic 
Open-Hearth  rails.  While  the  majority  of  the  rail  plants  of  the 
country  are  not  now  adapted  to  the  making  of  Basic  Open-Hearth 
rails,  the  greater  known  amount  of  the  iron  ore  supply  is  suitable, 
hence  the  production  of  that  kind  of  steel  rails  will  increase. 

5. — If  found  advisable,  to  recommend  a  form  of  specification  for 
the  manufacture  and  inspection  of  rails: 

Recommended  Specifications  foji  Bessemer  Steel  Rails. 

Process  of  Manufacture. — The  entire  process  of  manufacture 
and  testing  shall  be  in  accordance  with  the  best  state  of  the  art,  and 
the  following  instructions  shall  be  faithfully  executed: 

Ingots  shall  be  kept  in  a  vertical  position  in  the  pit  heating 
furnaces  until  ready  to  be  rolled,  or  until  the  metal  in  the  interior 
has  had  time  to  solidify. 

No  bled  ingots  shall  be  used. 

There  shall  be  sheared  from  the  end  of  the  blooms  formed  from 
the  top  of  the  ingots,  assuming  that  such  blooms  are  about  8  by  8  in. 
square,  at  least  40  in.,  and  if,  from  any  cause,  the  steel  does  not 
then  appear  to  be  solid,  the  shearing  shall  continue  until  it  does. 
If,  by  the  use  of  any  improvements  in  the  process  of  making  ingots, 
the  defect  known  as  piping  shall  be  prevented,  the  above  shearing 
requirements  may  be  modified. 

The  number  of  passes  and  speed  of  train  shall  be  so  regulated 
that  on  leaving  the  rolls  at  the  final  pass,  the  temperature  of  the 
rail  will  not  exceed  that  which  requires  a  shrinkage  allowance  at 
the  hot  saws,  for  a  33-ft.  rail  of  100-lb.  section,  of  6tV  "i.,  and  ^^  in. 
less  for  each  5-lb.  decrease  of  section.  These  allowances  to  be  decreased 
at  the  rate  of  ^^  in.  for  each  second  of  time  elapsed  between  the  rail 
leaving  the  finishing  rolls  and  being  sawn.     No  artificial  means  of 


80  to  89  lb. 
Pei'ceutage. 

90  to  100  lb. 
Percentage. 

0.53  to  0.63 

0.55  to  0.65 

0.085 

0.085 

0.20 

0.20 

0.075 

0.075 

0.80  to  1.05 

0.80  to  1.05 
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Report  of  the    cooling  the  steel  shall  be  used  after  the  rails  leave  the  rolls,  nor 
Committee  on  ^  _  _        '        _ 

Rail  Sections    shall  they  be  held  before  sawing  for  the  purpose  of  reducing  their 

(continued). 

temperature. 

Chemical  Composition. — Rails  of  the  various  weights  per  yard 

specified  below  shall  conform  to  the  following  limits  in  chemical 

composition : 

70  to  70  lb. 
Percentage. 

Carbon  0.50  to  0.60 

Phosphorus  shall  not  exceed. 0.085 
Silicon            "       "        "      .0.20 
Sulphur          "        "        "      .0.075 
Manganese    0.75  to  1.00 

Drop  Test. — One  drop  test  shall  be  made  on  a  piece  of  rail,  not 
less  than  4  ft.  and  not  more  than  6  ft.  long,  selected  frona  each  blow 
of  steel.  The  test  piece  shall  be  taken  from  the  top  of  the  ingot. 
The  rails  shall  be  placed  head  upward  on  the  supports,  and  the  vari- 
ous sections  shall  be  subjected  to  the  following  impact  tests  under  a 
free  falling  weight: 

70  to     79-lb.  rails 18  ft. 

80  to     89-lb.  rails 20" 

90  to  100-lb.  rails 22    " 

If  any  rail  breaks,  when  subjected  to  the  drop  test,  two  additional 
tests  may  be  made  of  other  rails  from  the  same  blow  of  steel,  also 
taken  from  the  top  of  the  ingots,  and  if  either  of  these  latter  rails 
fail,  all  the  rails  of  the  blow  which  they  represent  will  be  rejected, 
but  if  both  of  these  additional  test  pieces  meet  the  requirements,  all 
the  rails  of  the  blow  which  they  represent  will  be  accepted. 

The  drop-testing  machine  shall  have  a  tup  of  2  000  lb.  weight, 
the  striking  face  of  which  shall  have  a  radius  of  not  more  than  5  in., 
and  the  test  rail  shall  be  placed  head  upward  on  solid  supports  3  ft. 
apart.  The  anvil  block  shall  weigh  at  least  20  000  lb.,  and  the  sup- 
ports shall  be  part  of,  or  firmly  secured  to,  the  anvil.  The  report  of 
the  drop  test  shall  state  the  atmospheric  temperature  at  the  time 
the  test  was  made. 

Section. — Unless  otherwise  specified,  the  section  of  rail  shall  be 
the  American  Standard,  recommended  by  the  American  Society  of 
Civil  Engineers,  and  shall  conform,  as  accurately  as  possible,  to  the 
templet  furnished  by  the  railroad  company,  consistent  with  the 
paragraph  relative  to  specified  weight.  A  variation  in  height  of  eV 
in.  less,  or  3V  in.  greater  than  the  specified  height,  and  xV  "!•  in 
width  will  be  permitted.  The  section  of  rail  shall  conform  to  the 
fijiishing  dimensions. 
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Weight. — The  weight  of  the  rails  will  be  maintained  as  nearly 
as  possible,  after  complying  with  the  preceding  paragraph,  to  that 
specified  in  contract.  A  variation  of  one-half  of  1%  for  an  entire 
order  will  be  allowed.  Kails  will  be  accepted  and  paid  for  according 
to  actual  weights. 

Length. — The  standard  length  of  rails  shall  be  33  ft.  Ten  per 
cent,  of  the  entire  order  will  be  accepted  in  shorter  lengths,  varying 
by  even  feet  to  27  ft.,  and  all  No.  1  rails  less  than  33  ft.  long  shall 
be  painted  green  on  the  ends.  A  variation  of  ^  in.  in  length  from 
that  specified  will  be  allowed. 

Drilling. — Circular  holes  for  splice-bars  shall  be  drilled  in  ac- 
cordance with  the  specifications  of  the  purchaser.  The  holes  shall 
conform  accurately  to  the  drawing  and  dimensions  furnished,  in 
every  respect,  and  must  be  free  from  burrs. 

Straightening. — Care  must  be  taken  in  hot-straightening  the 
rails,  and  it  must  result  in  their  being  left  in  such  a  condition  that 
they  shall  not  vary  throughout  their  entire  length  more  than  5  in. 
from  a  straight  line  in  any  direction,  when  delivered  to  the  cold- 
straightening  presses.  Those  which  vary  beyond  that  amount,  or 
have  short  kinks,  shall  be  classed  as  second-quality  rails  and  be  so 
stamped. 

Rails  shall  be  straight  in  line  and  surface  when  finished — the 
straightening  being  done  while  cold — smooth  on  head,  sawed  square  at 
ends,  variation  to  be  not  more  than  ^-r^  in.,  and,  prior  to  shipment, 
shall  have  the  burr  occasioned  by  the  saw  cutting  removed,  and  the 
ends  made  clean.  No.  1  rails  shall  be  free  from  injurious  defects 
and  flaws  of  all  kinds. 

No.  2  rails  shall  be  accepted  up  to  5%  of  the  whole  order.  They 
shall  not  have  flaws  in  their  heads  of  more  than  i  in.,  or  in  the 
flange  of  more  than  J  in.  in  depth,  and,  in  the  judgment  of  the  in- 
spector, these  shall  not  be  so  numeroTis  or  of  such  a  character  as  to 
render  them  unfit  for  recognized  second-quality  rail  xises.  The  ends 
oi  No.  2  rails  shall  be  painted  white,  and  shall  have  two  prick -punch 
marks  on  the  side  of  the  web  near  the  heat  number  brand,  and  placed 
so  as  not  to  be  covered  by  the  splice-bars.  Rails  from  heats  which 
failed  under  the  drop  test  shall  not  be  accepted  as  No.  2  rails. 

Branding. — -The  name  of  the  maker,  the  weight  of  the  rail,  and 
the  month  and  year  of  manufacture  shall  be  rolled  in  raised  letters 
on  the  side  of  the  web;  and  the  number  of  the  blow  shall  be  plainly 
stamped  on  each  rail  where  it  will  not  subsequently  be  covered  by 
the  splice-bars. 

Inspection. — The  inspector  representing  the  purchaser  shall  have 
free  entry  to  the  works  of  the  manufacturer  at  all  times  when  the 
contract  is  being  filled,  and  shall  have  all  reasonable  facilities 
afi'orded  him  by  the  manufacturer  to  satisfy  him  that  the  finished 


80  to  89  lb. 
Percentage. 

0.58  to  0.68 

90  to  100  lb. 
Percentage. 

0.65  to  0.75 

0.05 

0.05 

0.20 

0.20 

0.06 

0.06 

0.80  to  1.05 

0.80  to  1.05 
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Report  of  the  material  is  furnished  in  accordance  with  the  terms  of  these  specifi- 
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Rail  Sections    cations.     All  tests  and  inspection  shall  be  made  at  the  place  of 

(con  mue    .    jj,annfacture  prior  to  shipment. 

The  manufacturer  shall  furnish  the  inspector,  daily,  with  carbon 
determinations  for  each  blow,  and  a  complete  chemical  analysis  every 
24  hours,  representing  the  average  of  the  other  elements  contained 
in  the  steel,  for  each  day  and  night  turn.  These  analyses  shall  be 
made  on  drillings  taken  from  small  test  ingots. 

For  Basic  Open-Hearth  Bails. — The  specifications  for  rails  made 
by  the  Basic  Open-Hearth  process  shall  be  the  same  as  for  Bessemer 
rails,  excepting  that  their  chemical  composition  shall  be: 

70  to  79  lb 
Percentage. 

Carbon  0.53  to  0.63 

Phosphorus  shall  not  exceed. 0.05 

Silicon  "        "         "      .0.20 

Sulphur  "       "        "      .0.06 

Manganese    0.75  to  1.00 

We  respectfully  submit  the  above  report  and  request  the  dis- 
charge of  your  Committee. 

Joseph  T.  Eichards,  Chairman; 

C.   W.   BUCHHOLZ^ 

E.  C.  Carter, 
S.  M.  Felton, 

ElCHARD  MONTFORT, 

H.  G.  Prout, 
Edmund  K.  Turner, 
Robert  W.  Hunt,  Secretary. 

The  undersigned  concurs  in  the  foregoing  report  with  the  excep- 
tion of  the  clause  relating  to  the  continuance  of  the  present  sections. 

John  D.  Isaacs. 

Mr.  George  E.  Thackray,  upon  consideration  following  the  meet- 
ing at  which  the  majority  report  was  prepared,  decided  that  he  did 
not  feel  justified  in  signing  that  report,  neither  did  he  feel  like 
making  a  minority  report,  and,  therefore,  thought  it  wise  that  the 
report  be  withheld  for  further  consideration.* 

Robert  W.  Hunt, 
Secretary,  Special  Bail  Committee. 

♦Subsequent  to  the  presentation  of  the  report  of  the  Special  Committee  on  Rail 
Sections  at  the  Annual  Meeting,  Mr.  George  E.  Thackraj^  submitted  a  minority  report, 
and,  in  order  that  the  views  of  all  members  of  that  Committee  be  presented  to  the  mem 
bership,  it  is  printed  herewith. 
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Minority  Reports. 

Philadelphia,  December  27th,  1905. 

To  the  American  Society  of  Civil  Engineers, 
Gentlemen  : 

In  the  report  and  specification  of  your  Special  Committee  on 
Rails  some  points  are  conflicting  and  should  be  further  discussed 
before  a  final  report  is  made.  It  is  therefore  suggested  that  the 
present  report  be  considered  a  report  of  progress,  and  presented  to 
the  Society  for  discussion  at  the  Annual  Convention  in  June,  1906. 

The  report  makes  a  strong  plea  for  lower  temperatures  in  rolling 
in  order  to  secure  better  metal  in  the  rails,  and  every  effort  should  be 
made  to  accomplish  this  without  making  too  radical  changes  in  the 
methods  of  manufacture.  The  high  carbons  called  for  in  the  speci- 
fication are  contrary  to  this  idea,  and  are  more  in  line  with  the  prac- 
tice of  relying  on  the  chemical  composition  alone  to  give  hardness  in 
the  rails.  There  is  no  trouble  in  getting  hardness  in  this  way,  but 
the  rails  are  likely  to  be  brittle,  and  thus  increase  the  number  of 
breakages.  The  large  number  of  rails,  irrespective  of  section  and 
weight,  wdiich  are  now  breaking  in  service,  cannot  be  ignored,  and, 
if  necessary,  it  would  be  better  to  stand  some  additional  wear,  if 
rails  could  be  secured  which  would  not  break. 

In  all  Tee-rails  the  thin  flanges  control  the  finishing  temperature, 
and,  in  order  to  get  a  rail  which  could  be  rolled  at  a  lower  tempera- 
ture, it  has  been  suggested  to  add  more  metal  to  the  bottom  of  the 
flange  of  the  present  Am.  Soc.  C.  E.  section  in  order  to  allow  a 
lower  finishing  temperature  in  rolling  and  retain  the  advantages  of 
the  present  wide  head  for  bearing  surface  and  side  wear.  This 
would  not  prevent  the  metal  in  the  head  from  breaking  off  in  the 
plane  of  the  web,  as  at  present.  This  breakage  occurs  in  all  weights 
of  rails,  and  is  generally  due  to  piped  steel  or  segregation. 

In  order  to  prevent  the  heads  from  breaking,  it  has  been  sug- 
gested to  use  one  standard  width  of  head  for  rails  of  80  lb.  and  more, 
increasing  the  thickness  of  the  head  and  of  the  flange  as  the  weight 
increases,  thus  producing  a  stiffer  rail  in  the  heavier  sections,  with  a 
head  better  suited  to  withstand  the  severe  effect  of  worn  wheels  rid- 
ing the  edge  of  the  head.  Rails  of  80  to  100  lb.  of  such  sections, 
could  be  finished  at  the  same  temperature  in  rolling,  and  therefore 
be  made  of  the  same  carbon  steel. 

Notwithstanding  the  advantages  which  might  be  derived  from 
such  rails,  it  would  be  ill-advised  to  recommend  any  change  of 
section  until  every  means  has  been  exhausted  for  producing  better 
steel,  on  account  of  the  large  commercial  interests  involving  both 
the  manufacturer  and  consumer. 

Wm.  R.  Webster. 
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CoSttee  on  December  28th,  1905. 

Rail  Sections  .  n      •  r   /~i-    -i    -n 

(continued).    7  0  the  American  Society  of  Civil  Engineers, 
Gentlemen  : 

While  concurring  in  the  major  portion  of  the  conclusions  arrived 
at  by  the  majority  of  your  Special  Committee  on  Rails,  the  under- 
signed deems  it  his  duty  to  present  a  minority  report. 

Instruction  No.  1. — He  agrees  with  the  majority  report. 

Instruction  No.  2. — He  agrees  with  the  majority  report  with  the 
following  addition:  The  attention  of  the  Society  is  called  to  the 
fact  that  certain  failures  in  service,  especially  of  rails  of  maximum 
sections,  can  be  traced  to  the  uneven  temperatures  of  the  various 
parts  of  the  sections  when  finished  at  the  rolls  due  to  the  large  cross- 
section  of  head  and  relatively  small  areas  of  flange  and  web.  This 
very  dangerous  defect  can  alone  be  remedied  by  a  very  radical  change 
of  design  which  your  Committee,  with  the  data  now  at  their  com- 
mand, do  not  feel  authorized  in  recommending,  but  believe  that  the 
attention  of  the  Society  should  be  called  to  the  matter  as  a  subject 
for  future  investigation  and  report. 

Instruction  No.  S. — He  agrees  with  the  majority  report. 

Instruction  No.  4- — He  dissents  from  the  conclusion  of  the  ma- 
jority report.  He  is  of  the  opinion  that  specifications  as  prepared 
by  the  user  should  extend  only  to  the  quality  of  the  finished  material 
both  chemically  and  physically,  the  details  and  methods  of  manu- 
facture being  left  entirely  to  the  producer,  but  that  the  requirements 
be  made  so  rigid  that  only  material  made  in  accordance  with  the  best 
state  of  the  art  will  fill  the  specifications.  He  dissents  from  the 
opinion : 

"When  rails  of  lighter  sections  were  used,  chemical  conditions 
were  not  so  important  as  with  the  heavier  ones;  this,  because  the 
rolling  down  of  the  steel  to  the  smaller  sections  of  necessity  gave  it 
more  work,  and  also  finished  the  rail  at  a  lower  temperature;  thus 
producing  a  finer-grained  and  tougher  metal.  This  partially  ex- 
plains why  so  many  of  the  early  steel  rails  gave  good  physical  re- 
sults, while  their  chemical  composition  was  so  irregular." 

but  believes  that  chemical  composition  was  as  important  in  the  past 
as  it  is  in  the  present,  and  equally  so  in  all  sections;  the  variations 
referred  to  can  be  accounted  for  by  physical  conditions  rather  than 
chemical  composition. 

As  to  other  statements  of  the  majority  report  under  this  clause 
he  agrees. 

Instruction  No.  5. — He  dissents  from  the  clauses  of  the  proposed 
specifications  relating  to  methods  of  manufacture,  and  would  omit 
the  same.  He  agrees  with  those  relating  to  quality  and  requirements 
of  finished  material,  excepting  as  to  carbon  and  manganese  content. 
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He  would  also  propose  the  addition  of  a  test  for  tensile  strength  and 
elongation,  the  test  piece  to  be  cut  from  the  head  of  the  rail,  and 
would  add  to  the  drop  test  a  measure  of  limiting  deflection. 

He  would  also  call  attention  to  the  following  point;  if  a  discard  be 
required,  it  should  be  measured  by  a  certain  percentage  of  the  ingot, 
and  not  by  the  length  of  the  bloom. 

The  proposed  method  of  regulating  the  finishing  temperature  will 
not  necessarily  accomplish  the  desired  result,  as  the  rail  may  be  held 
prior  to  entering  the  finishing  pass  or  at  some  other  point  until  the 
proper  finishing  temperature  be  attained,  while  what  is  sought  to  be 
accomplished  is  that  the  ingot  be  worked  throughout  at  a  lower  tem- 
perature than  prevails  in  present  practice. 

He  sees  no  reason  why  the  carbon  and  manganese  content,  as  speci- 
fied for  light  sections,  should  be  raised  as  the  weight  of  the  rails  is 
increased,  for  the  reason  that  the  heavier  the  rail  the  more  uneven 
the  temperature  at  finishing  throughout  the  various  portions  of  the 
section,  and  the  higher  the  carbon  the  more  susceptible  the  steel  to 
heat  treatment,  the  heavier  the  rail  the  higher  the  temperature  of 
the  head  at  finishing;  while,  conversely,  the  higher  the  carbon  the 
lower  the  working  temperature  should  become.  As  long  as  we  con- 
tinue our  present  practice  of  using  sections  of  such  varying  cross- 
sections  as  we  have  in  our  maximum  weights,  a  high  content  of 
metalloids  will  always  be  a  menace  to  successful  service,  which  is 
not  alone  measured  by  wear  of  individual  rails,  but  also  by  uni- 
formity of  results  and  freedom  from  sudden  breakage. 

His  individual  opinion  is  in  favor  of  even  a  lower  carbon  content 
than  proposed  in  the  majority  report,  coupled  with  such  physical 
requirements  of  finished  material  as  will  necessitate  a  rolling  of  the 
material  at  a  lower  temperature  than  now  practiced. 
Respectfully  submitted, 

Percival  Roberts,  Jr. 


To  the  American  Bociety  of  Civil  Engineers, 
Gentlemen  : 

Referring  to  the  preliminary  report  of  the  majority  of  the 
Special  Committee  on  Rails,  the  writer  considers  that  there  are  some 
doubts  regarding  various  points,  the  first  of  which  relates  to  the  re- 
affirmation of  the  American  Society  of  Civil  Engineers'  sections. 

It  is  not  understood  from  the  synopsis  of  the  reports  received 
from  the  railroad  companies,  how  many  of  those  who  express  them- 
selves as  satisfied  with  the  sections,  are  using  rails  of  80  and  85  lb. 
per  yd.  and  upward  to  100  lb.  per  yd.  in  weight. 

Recent  experience  with  heavier  sections  of  rails,  85  lb.  per  yd. 
and  greater  in  weight,  has  shown  that  there  have  been  some  troubles 
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Committee*on  "^^^^^^^  ^^  *^^  shearing  or  splitting  of  the  heads  of  these  heavy- 
Rail  Sections  sections  under  severe  traffic,  and  as  comparatively  few  roads  use  the 
heaviest  sections,  the  opinion  of  the  majority  could  not  govern,  as 
most  of  the  railways,  when  considered  individually,  use  rails  of  the 
lighter  weights  from  85  lb.  per  yd.  and  less.  It  would  appear  that 
in  forming  an  opinion  of  the  results  obtained  M'ith  the  heavy  sections 
the  different  sizes  should  be  considered  separately  and  a  careful 
valuation  made  of  the  experience,  with  due  regard  to  the  mileage, 
character  and  amount  of  traffic.  To  state  this  briefly,  it  is  believed 
that  a  majority  of  favorable  opinions  on  the  sections,  counting  each 
railroad  as  one  vote,  regardless  of  the  size  of  the  road  and  sections 
used,  does  not  answer  the  question  regarding  the  heavier  sections. 

The  above  question  of  heavy  sections,  however,  is  believed  to  be 
not  so  great  a  one  as  that  of  the  impossibility  of  obtaining  low- 
phosphorus  Bessemer  rails,  for  the  reason  that  a  very  serious  and 
practical  difficulty  presents  itself  in  that  part  of  the  specifications 
requiring  that  phosphorus  shall  not  exceed  0.085  per  cent.  As,  al- 
though the  Lake  Superior  Districts  produced  about  30  000  000  tons 
of  ore  last  year,  there  was  not  nearly  enough  of  low-phosphorus 
grade  to  supply  the  demand  for  rails  of  such  composition,  and  only 
a  very  small  part  of  the  required  output  might  be  made  to  the  pro- 
posed specifications.  This  is  a  vital  point,  as  it  is  certainly  wrong 
to  ask  for  something  that  cannot  be  had. 

As  regards  Open-Hearth  rails,  it  seems  that  the  slight  experience 
had  with  them  up  to  this  time  leaves  this  question  in  a  very  im- 
mature condition. 

Under  these  circumstances,  the  undersigned  does  not  feel  war- 
ranted in  signing  the  committee's  report,  and  believes  that  the 
subject  should  receive  their  further  attention. 

Gi-;o.  E.  Thackiuy. 


Discussion  on 

Report  of 
Committee  on 
Rail  Sections. 


The  President. — Gentlemen,  you  have  heard  the  report  of  the 
Committee  on  Rail  Sections.     What  action  will  you  take? 

Foster  Crowell,  M.  Am.  Soc.  C.  E.— I  move  that  the  report  of 
the  Committee  be  received,  and  also  that  the  minority  reports  of  the 
Committee  be  received  for  further  consideration. 

The  President. — Gentlemen,  one  member  of  the  Committee  has 
asked  that  it  be  discharged,  and  one  member  requests  that  this  report 
be  referred  to  the  Society  for  further  discussion  at  the  Annual  Con- 
vention.    Now,  what  is  to  be  done? 

Joseph  O.  Osgood,  M.  Am.  Soc.  C.  E. — Is  there  any  motion  be- 
fore the  Society? 

The  President. — Yes,  Mr.  Crowell  has  made  a  motion. 

Mr.  Osgood. — Has  that  motion  been  seconded? 

The  President. — ^No. 
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Mr.  Osgood. — Then  I  move  that  the  report  be  received  and  the 
Committee  continued. 

The  motion  was  seconded. 

Robert  W.  Hunt. — As  a  member  of  that  Committee,  I  suppose, 
from  a  strict  parliamentary  standpoint,  if  a  committee  does  not 
finish  its  report,  it  should  naturally  be  continued,  but,  at  the  same 
time,  I  do  not  think  you  can  expect  anything  further,  or  any 
further  work  from  this  Committee.  Eight  out  of  the  twelve  mem- 
bers of  this  Committee  have  striven  for  four  years  to  perform  their 
duty,  and  to  give  you  their  best  thoi;ght.  Three  of  the  members 
differed  with  us.  It  is  not  worth  while  to  go  into  the  details  of  the 
workings  of  that  Committee,  but,  I  think  the  members  will  agree 
with  me,  that  we  cannot  hold  out  any  hope  that  the  Committee  will 
be  any  closer  together  in  June  than  it  is  now,  and  for  that  reason  I 
think  it  is  wise  that  the  Society  should  not  put  itself  on  record  as 
recommending  the  acceptance  of  the  report  of  the  Committee  without 
careful  thought.  We  will  undoubtedly  meet  with  great  opposition 
on  the  part  of  the  rail  manufacturers  of  the  country,  and,  while  I 
believe  it  is  very  healthy  to  have  that  opposition,  still  the  Society 
wants  to  be  very  careful  in  any  position  it  takes. 

I  am  confident  that  the  status,  so  far  as  the  Committee  is  con- 
cerned, will  be  the  same  next  June  as  it  is  now,  if  it  is  continued  in 
force. 

Mr.  Osgood." — I  had  in  mind,  when  suggesting  that  the  Com- 
mittee should  continue  its  work,  that  there  was  something  more  to 
be  done,  and  if  the  Committee  is  discharged,  it  is  a  wrong  process 
to  appoint  an  entirely  new  Committee  to  take  up  the  work;  but,  on 
the  other  hand,  if  this  Committee  is  continued  and  any  member  feels 
that  he  cannot  continue  on  the  Committee,  he  can  resign  and  an- 
other can  be  appointed  in  his  place.  I  think  the  continuing  of  this 
old  Committee  and  the  appointment  of  new  members  to  it,  if  neces- 
sary, will  be  better  than  the  appointment  of  an  entirely  new  Com- 
mittee, to  carry  out  the  work  if  it  is  not  already  completed. 

The  President.— Are  there  any  further  remarks?  Mr.  Osgood. 
will  you  please  repeat  your  motion  ? 

Mr.  Osgood. — My  motion  is  that  the  report  of  the  Committee  be 
received  and  the  Committee  continued. 

The  President. — Are  you  ready  for  the  question? 

A  Member. — Question. 

The  President.- — Gentlemen,  you  have  heard  the  motion.  All 
in  favor  of  Mr.  Osgood's  motion  that  the  report  be  received  and  the 
Committee  continued,  say  "aye." 

("Ayes.") 

The  President. — Those  opposed,  "no." 

(No  response.) 
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Committee  Ml        "^^^  PRESIDENT. — The  "ayes"  have  it,  and  the  motion  is  carried. 
Concrete  and         The  report  of  the  Special  Committee  on  Concrete  and  Reinforced 

Reinforced       ^ 

Concrete.      Concrete. 

The  Secretary  of  the  Committee  will  please  read  the  report. 
The  report  was  read  by  Mr.  R.  L.  Humphrey,  Secretary  of  the 
Committee,  as  follows : 

REPORT   OF   THE   SPECIAL   COMMITTEE  ON   CONCRETE   AND 
REINFORCED  CONCRETE. 

Mr.  President  and 

Members  of  the  American  Society  of  Civil  Engineers. 
Gentlemen  : 

Your  Special  Committee  on  Concrete  and  Reinforced  Concrete 
desires  to  present  the  following  report: 

The  duty  of  your  Committee  is  to  formulate  rules  for  the  use  of 
concrete  and  reinforced  concrete. 

It  has  been  found,  however,  that  the  necessary  data  for  this  pur- 
pose are  not  available  in  cognate  form,  and  it  is  necessary  to  carry 
on  such  investigations  as  will  secure  the  requisite  data. 

The  investigations  being  conducted  at  the  various  technological 
institutions  have  received  very  careful  consideration,  and,  as  a 
result,  the  Committee  has  concluded  that  the  information  to  be 
derived  from  this  source,  while  valuable,  is  not  sufficiently  con- 
clusive for  use  in  the  formulation  of  a  report,  most  of  this  informa- 
tion being  only  on  special  phases  of  the  subject. 

At  a  meeting  of  the  Committee  held  in  New  York  on  October 
11th,  1905,  it  was  decided  to  form  a  number  of  sub-committees  for 
the  collation  of  existing  literature  and  the  results  of  previous  in- 
vestigations. These  sub-committees  are  now  at  work,  and  it  is  ex- 
pected that  the  results  of  their  labors  will  be  presented  to  the  Society 
at  its  next  Annual  Meeting. 

It  was  suggested  that  the  work  being  undertaken  by  the  United 
States  Geological  Survey  would  yield  the  additional  data  desired, 
and,  at  a  meeting  held  in  Cleveland,  June  21st,  1905,  the  Committee 
considered  this  proposition  and  finally  instructed  several  of  its  mem- 
bers to  prepare  a  plan  of  co-operation  for  its  consideration.  At  the 
meeting  held  in  Atlantic  City,  June  30th,  1905,  a  plan  of  co-operation 
was  presented,  which,  after  a  thorough  discussion,  was  adopted. 

At  a  meeting  of  the  Committee  held  in  New  York,  December  12th, 
1905,  the  Sub- Committee  on  Tests  presented  a  programme  for  such 
investigations  as  it  deemed  desirable  to  make,  with  subdivisions, 
which,  with  a  few  minor  amendments,  was  adopted ;  this  programme 
will  be  elaborated  further,  as  the  work  progresses. 

These  investigations,  which  it  is  estimated  will  take  at  least  five 
years,  will  be  carried  on  in  the  laboratories  of  the  United  States 
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Geological  Survey,  involving  an  estimated  yearly  expenditure  by 
the  United  States  Government  of  upwards  of  $20  000. 

At  the  same  meeting  the  Sub-Committee  on  Ways  and  Means  was 
instructed  to  raise  $10  000  for  the  present  year,  for  the  purpose  of 
defraying  the  expenses  of  the  Committee  in  compiling  the  results  of 
these  investigations  and  for  formulating  a  report. 

The  Committee  now  has  its  work  well  under  way  and  has  taken 
steps  to  secure  the  requisite  funds  for  its  expenses. 

As  rapidly  as  possible,  the  Committee  will  report  such  data  or 
information  as  it  considers  of  value. 

Your  Committee  asks  that  it  be  continued. 

Respectfully  submitted,  for  the  Committee, 

C.    C.    ScHNEroER, 

Chairman; 
Richard  L.  Humphrey, 

Secretary. 
Committee : 

C.  C.  Schneider, 
Richard  L.  Humphrey, 
J.  E.  Greiner, 
W.  K.  Hatt, 
Olaf  Hoff, 
Robert  W.  Lesley, 
J.  W.  Schaub, 
Emil  Swensson, 
A.  N.  Talbot, 
J.  R.  Worcester. 

The  President. — Gentlemen,  you  have  heard  the  report.  What 
will  you  do  with  it? 

Morris  R.  Sherrerd,  M.  Am.  Soc.  C.  E. — I  move  that  the  report 
be  received  and  that  the  Committee  be  continued. 

The  motion,  being  duly  seconded,  was  carried  unanimously. 

The  President. — The  amendments  to  the  Constitution.  The  Amendments 
Assistant  Secretary  will  please  read  the  proposed  amendments  to  Constitution, 
the  Constitution. 

The  Assistant  Secretary  read  the  following: 

The  following  suggested  amendments  to  the  Constitution  are 
submitted : 

"Amend  Article  II,  Section  2.  as  follows:  insert  after  the  word 
'Civil'  in  the  first  line  'Engineer  who  shall  have  reached  a  position 
of  recognized  standing  in  the  profession,  in  its  several  branches 
including.'  Also  strike  out  all  of  the  second  line  beginning  with 
the  word  'Electrical'  and  insert  'and  Electrical  Engineering  or  in 
Architecture  or  Marine  Architecture.'  Also  strike  out  all  after  the 
word  'age'  in  the  fourth  line. 
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Amendmeuts 

to  the 

Constitution 

(continued). 


Discussion  on 
Amendments 

to  the 
Constitution. 


"The  section  will  then  read: 

"2.  A  Member  shall  be  a  Civil  Engineer  who  shall  have  reached 
a  position  of  recognized  standing  in  the  profession,  in  its  several 
branches,  including  Military,  Naval,  Mining,  Mechanical  and  Elec- 
trical Engineering  or  in  Architecture  or  Marine  Architecture.  He 
shall  be  at  the  time  of  admission  to  membership  not  less  than  thirty 
years  of  age." 

The  foregoing  amendments  are  proposed  by  the  following  Cor- 
porate Members:  Jas.  Owen,  Ealph  H.  Chambers,  Philip  W. 
Henry,  Walter  H.  Sears,  S.  Whinery,  A.  P.  Boiler,  Poster  Crowell. 

The  PRESroENT. — Some  letters  on  the  subject  have  been  re- 
ceived, and  these  will  be  read  by  the  Assistant  Secretary. 

The  Assistant  Secretary  then  read  letters  from  Messrs.  Charles 
H.  Ledlie,  L.  S.  Randolph,  Dugald  C.  Jackson,  Benjamin  Thompson, 
Edward  M.  Boggs,  Ellis  B.  Noyes,  Joseph  Lillich,  A.  B.  Wood, 
Kobert  L.  Lund  and  Mark  L.  Ireland. 

S.  Whinery,  M.  Am.  Soc.  C.  E. — In  order  to  get  this  matter 
formally  and  in  proper  shape  before  the  Society,  I  want  to  say  that 
there  seems  to  be  quite  a  strong  conviction  among  the  membership 
that  a  part  of  the  Constitution  ought  to  be  changed,  in  some  way, 
but  there  does  not  seem  to  be  much  unanimity  as  to  what  these 
changes  should  be. 

It  is  very  difficult,  in  a  meeting  like  this,  to  give  such  a  subject 
proper  attention.  I  think  that  in  dealing  with  a  question  of  this 
kind  the  best  results  can  be  obtained  by  appointing  a  carefully 
chosen  Committee,  who  can  take  up  the  subject  and  give  it  all  the 
attention  necessary,  and  report  to  the  Society. 

I  do  not  wish  to  cut  off  further  discvission  of  the  subject  at  this 
time,  but  wish  to  say  that  I  shall,  at  the  proper  time,  move  for 
adoption,  that  the  amendment  be  referred  to  a  committee  of  five 
members  to  be  appointed  by  the  President,  which  committee  shall 
report  to  the  next  Annual  Convention,  what,  if  any,  changes  it 
deems  advisable,  in  the  present  classification  of  the  membership  of 
the  Society,  or  any  modification  in  each  grade  of  membership,  and 
submit  any  amendment  to  these  amendments  which  they  may 
recommend. 

I  will  not  move  the  adoption  of  that  resolution  now,  because  it 
may  have  the  effect  of  cutting  off  any  discussion  that  we  might 
have  on  it  here  to-day,  which  would  be  valuable  to  the  committee. 
I  think  the  discussion  on  the  subject  should  proceed  now,  and  at 
the  proper  time  I  will  move  the  adoption  of  that  motion. 

Mr.  Crowell. — I  think  this  subject  is  of  extreme  importance  to 
the  Society  and  its  work.  This  is  not  the  first  time,  by  any  means, 
that  the  subject  has  been  brought  forward,  but  I  think  the  letters 
which  have  been  read  are  indicative  of  the  fact  that  the  subject  has 
hecome  of  very  vital  importance.     When  Mr.  Wliinery  gets  ready  to 
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offei-  his  motion  I  will  be  very  ghid  to  second  it.  I  do  not  see  why 
the  adoi)tion  of  that  motion  should  come  after  the  discussion.  In 
fact,  I  do  not  think  it  is  worth  while  to  spend  much  time  now  in. 
discussing  the  question,  for  the  reason  that  Mr.  Whinery  has  just 
stated — that  justice  cannot  be  done  to  such  a  subject  in  a  meeting 
of  this  kind.  It  requires  more  thought,  and  requires  comparison 
with  the  various  standards  of  other  societies  and  other  organiza- 
tions, and  with  our  own  past  history.  I  think  it  would  be  well  for 
Mr.  Whinery  to  offer  his  motion  now,  and  then  any  discussion  that 
seems  proper  can  be  had  upon  it. 

The  President. — Will  you  offer  that  motion  now,  Mr.  Whinery? 

Mr.  Whinery. — If  it  will  not  have  the  effect  of  ending  the  dis- 
cussion, I  will  offer  it. 

The  President. — Discussion  on  that  motion  will  then  be  in 
order. 

Mr.  Crowell. — I  second  the  motion. 

The  President. — In  order  to  have  the  motion  understood,  will 
you  please  repeat  it? 

The  Assistant  Secretary  read  the  motion,  as  follows : 

"Moved,  that  the  amendments  be  referred  to  a  committee  of 
five  Corporate  Members,  to  be  appointed  by  the  President,  which 
committee  shall  report  to  the  next  Annual  Convention  what,  if  any, 
changes  they  deem  advisable  in  the  present  classification  of  the 
membership  of  the  Society,  or  in  the  qualifications  for  each  grade 
of  membership ;  and  submit  any  amendments  to  these  amendments 
which  they 'may  recommend." 

The  President. — Discussion  on  this  motion  is  now  in  order. 
Are  there  any  remarks  ? 

A  Member. — Question. 

Edward  P.  North,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  would 
like  to  offer  an  amendment  to  that  motion,  and  have  it  seconded: 
That  the  five  Corporate  Members  mentioned  in  the  motion  be  in- 
creased by  one  Associate  and  one  Junior.  I  think  that,  in  the  con- 
sideration of  such  a  question,  these  two  elements  are  quite  im- 
portant classes  in  our  Society,  and  should  be  represented. 

The  amendment  was  accepted. 

The  President. — You  have  heard  the  motion,  gentlemen.  Those 
in  favor  of  it  say  "aye." 

The  motion  as  amended  was  carried  unanimously. 

The  President. — The  appointment  of  members  of  the  Nominat-    Nominating 
ing  Committee  for  each  of  the  seven  geographical  districts,  to  serve    Committee, 
for  two  years,  is  now  in  order.     The  Assistant  Secretary  will  please 
read  the  nominations. 

The  Assistant  Secretary. — I  will  first  read  the  nominations  for 
District  No.  1. 
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Commtttel  District  No.  i.— Total  number  of  votes  received,  90;  distributed 

(continued),     as   f ollows  : 

John   H.   Cook 37 

Alfred  Noble* 2 

Clemens    Herschel 2 

George   B.   Francis 2 

A.  P.  Boller 2 

Edlow  W.  Harrison 2 

C.  L.  Harrison* 2 

O.    F,   Nichols 2 

J.  V.  Davies 2 

The  following  have  received  one  vote  each : 

Henry  E.  Asserson,  Joseph  Mayer, 

JosiAH  A.  Briggs,  William  C.  Merryman, 

C.  W.  Buchholz,  Eudolph  P.  Miller, 
E.  S.  Buck,  Mace  Moulton, 
George  Hallett  Clark.         Charles  H.  Myers, 

D.  C.  N.  Collins,  Frederick  S.  Odell, 
Alfred  Craven,*  C.  J.  Parker, 

J.  J.  E.  Croes,*  C.  D.  Pollock, 

J.  H.  Edwards,  William  A.  Pratt, 

Egbert  Giles,  Egbert  Eidgway, 

Charles  H.  Graham,  Frank  W.  Skinner, 

George  A.  Harwood,  Frank  J.  Sprague, 

William  J.  Haskins,  S.  C.  Thompson, 

Philip  W.  Henry,  E.  H.  Tingley, 

E.  Hering,  Henry  Vier, 
William  E.  Hill,  John  C.  Wait, 
Henry  W.  Hodge,  Clement  I.  Walker, 
Otis   E.   Hovey,  Charles  D.  Ward, 

Samuel  Whinery. 

On  motion,  duly  seconded,  John  H.  Cook,  Assoc.  M.  Am.  Soc, 
C.  E.,  was  appointed  a  member  of  the  Nominating  Committee  for 
the  First  District. 

The  Assistant  Secretary. — The  nominations  for  District  No.  2 
are  as  follows : 

District  No.  2. — Total  number  of  votes  received,  51;  distributed 
as  follows: 

Leonard  Metcalf 26 

J.  E.  Worcester 6 

Hiram  A.  Miller 3 

Edwin  D.  Graves 2 

*  Ineligible. 
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The  following  have  received  one  vote  each: 

C.  F.  Allen,  A.  13.  Hill, 
Dexter  Brackett,  F.  W.  Hodgdon, 
KoBERT  A,  Cairns,  Willlvm  E.  McChntock, 
Otis  F.  Clapp,                         Henry  Manley, 

F.  S.  Curtis,  William  Harley  Moore, 

Alexis  H.  French,  Charles  W.  Sherman, 

KiCHARD  A.  Hale,  E.  K.  Turner. 

On  motion,  duly  seconded,  Leonard  Metcalf,  M.  Am.  Soc.  C.  E., 
was  appointed  a  member  of  the  Nominating  Committee  for  the 
Second  District. 

The  Assistant  Secretary. — The  nominations  for  District  No.  3 
are  as  follows : 

District  No.  3. — Total  number  of  votes  received,  69;  distributed 
as  follows : 

A.  H.  Sutermeister 37 

James  H.  Edwards 12 

Phelps  Johnson 4 

William   A.   Haven 3 

The  following  have  received  one  vote  each : 

W.  A.  Brackenridge,  Olin  H.  Landreth, 

E.  E.  Cary,  p.  a.  Peterson, 

A.  P.  Davis,  George  A.  Eicker, 

W.  T.  Jennings,  E.  Gybbon  Spilsbury, 

Wallace  C.  Johnson,  Charles  F.  Stowell, 

John  Kennedy,  A.  H.  Van  Cleve, 
J.  Van  der  Hoek. 

On  motion,  duly  seconded,  A.  H.  Sutermeister,  M.  Am.  Soc. 
C.  E.,  was  appointed  a  member  of  the  Nominating  Committee  for 
the  Third  District. 

The  Assistant  Secretary. — The  nominations  for  District  No.  4 
are  as  follows : 

District  No.  4-— Total  number  of  votes  received,  100;  distributed 
as  follows: 

Edgar  Marburg 41 

Percival  M.  Sax 19 

William   Copeland  Furber 9 

D.  D.  Carothers 3 

Thomas  H.  Johnson 3 

Thomas  W.   Symons 2 
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Nominating 
Committee 
(continued). 


The  following  have  received  one  vote  each; 


James  Murray  Africa, 
Kenneth  Allen, 
J.  C.  Bland, 
John  N.  Chester, 
Mendes  Cohen, 
Arthur  P.  Davis, 
Paul  Didier, 

B.  T.  Fendall, 

C.  E.  Grunsky, 
L.  M.  Haupt, 
Morris  Knowles, 

Prank 


Prederic  C.  Kunz, 
J.  K.  Lyons, 
Alexander  Mackenzie, 

D.  E.  McCoMB, 

E.  K.  Morse, 
P.  H.  Newell, 
Robert  Van  A.  ISTorris, 

H.    H.    QUIMBY, 

L.  Y.  Schermerhorn, 

WiLLLVM   L.    SiBERT, 

Emil  Swensson,* 
Wilcox. 


On  motion,  duly  seconded,  Edgar  Marburg,  M.  Am.  Soc.  C.  E., 
was  appointed  a  member  of  the  Nominating  Committee  for  the 
Fourth  District. 

The  Assistant  Secretary. — The  nominations  for  District  No.  5 
are  as  follows: 

District  No.  5. — Total  number  of  votes  received,  105 ;  distributed 
as  follows : 

John  W.  Alvord 29 

Gardner  S.  Williams 26 

Willard  Beahan 15 

H.  G.  Kelley 9 

Joseph  Ripley 2 


The  following  have  received  one 
Onward  Bates,* 
W.  L.  Breckenridge, 
Charles  C.  Brown, 
Theodore  L.  Condron, 
William  de  la  Barre, 
Malverd  a.  Howe, 
Clarence  W.  Hubbell, 
H.  G.  Kelley, 
Jesse  Lowe, 
Daniel  McCool, 
Benjamin  McKeen, 
Dabney   H.   Maury, 


vote  each: 

Ralph  Modjeski,* 
Augustus  Mordecai, 
Prank  C.  Osborn, 
IsHAM  Randolph, 
James  Ritchie, 
L.  W.  Rundlett, 
J.  W.  Schaub, 
Harry  E.  Talbott, 
W.  D.  Taylor, 
Gaylord  Thompson, 
C.  A.  Wilson, 
George  Y.  Wisner, 


On  motion,  duly  seconded,  John  W.  Alvord,  M.  Am.  Soc.  C.  E., 
was  appointed  a  member  of  the  Nominating  Committee  for  the 
Fifth  District. 

*  Ineligible. 
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The  Assistant  Secretary. — The  nominations  for  District  No.  G 
are  as  follows: 

District  No,  6. — Total  number  of  votes  received,  64;  distributed 
as  follows: 

Ira  G.  Hedrick 12 

A.  H.  Zeller 12 

W.  W.  Coe 3 

J.   r.   Coleman 2 

George  G.  Earl 2 

WlLLL\M    H.     COURTENAY 2 

JuLL\N   W.  Kendrick 2 

J.  F.  Hinckley 2 

Hunter   McDonald* 2 

A.  M.  Scott 2 

The  following  have  received  one  vote  each: 

Daniel  Bontecou,  Marshall  Morris, 

Stephen  P.  Brown,  E.  T.  D.  Myers, 

C.  S.  Burns,  J.  A.  Ockerson, 

W.  E.  GuNN,  Henry  B.  Eichardson, 

E.  A.  Harper,  S.  Bent  Eussell, 

B.  M.  Harrod,  F.  W.  Scarborough, 

J.    N.    H.^ZLEHURST,  J.   E.    SiRRINE, 

W.  B.  W.  Howe,  H.  E.  Stanford, 

Charles  Humphreys,  Henry  M.  Steele, 

J.  L.  Ludlow,  C.  A.  Wentworth, 

EoBERT  Moore,*  C.  H.  West, 

Nisbet  Wingfield. 


On  motion,  duly  seconded,  A.  H.  Zeller,  Assoc.  M.  Am.  Soc. 
C.  E.,  was  appointed  a  member  of  the  Nominating  Committee  for 
the  Sixth  District. 

The  Assistant  Secretary. — The  nominations  for  District  No.  7 
are  as  follows: 

District  No.  7. — Total  number  of  votes  received,  57;  distributed 
as  follows : 

Frank  0.  Marvin 16 

Franklin  Eifple 4 

Arthur  L.  Adams 3 

E.  B.  Marshall 2 

EoBERT  B.  Burns 2 

*  Ineligible. 


72 


REPORT  OF  THE  ANNUAL  MEETING. 


[Society 


Nominating 
Committee 
(continued). 


Award  of 
Prizes. 


The  following  have  received  one 
Jeremiah  Ahern, 
D.  D.  Clarke, 
William  E.  Dauchy, 
w.  w.  follett, 
Edward  Gillette, 
R.  H.  Gresham, 
C.  E.  Grunsky, 
W.  W.  Harts, 
John  B.  Hawley, 
f.  w.  d.  holbrook, 
C.  T.  Johnston, 
W.  H.  Jones, 
A.  E.  Kastl, 
A.  V.  Kellogg, 
Lewis  Kingman, 


vote  each : 

J.   B.   LiPPINCOTT, 

M.  L.  Lynch, 
F.  B.  Maltby, 
S.  D.  Mason, 
William  G.  Raymond, 
g.  h.  eobinson, 

D.  W.  Ross, 
W.  H.  Sanders, 
James  D.  Schuyler, 
H.  A.  Sumner, 

T.  F.  Taylor, 
A.  J.  Wiley, 
Charles  F.  Williams, 
C.  B.  Wing, 

E.  T.  Wright. 


Announce- 
ments. 


On  motion,  duly  seconded,  Frank  O.  Marvin,  M.  Am.  See.  C.  E., 
was  appointed  a  member  of  the  Nominating  Committee  for  the 
Seventh  District. 

The  President. — Has  the  Secretary  any  announcements  to 
make? 

The  Assistant  Secretary. — I  have  to  report  that  the  Board  of 
Direction  has  awarded  the  prizes  for  the  year  ending  July,  1905,  in 
accordance  with  the  report  of  the  Committee  appointed  to  recom- 
mend the  awards,  as  follows: 

Philadelphia,  Penna.,  Dec.  26th,  1905. 
To  the  Board  of  Direction, 

American  Society  Ch'il  Engineers. 
Gentlemen  : — Tour     Committee     appointed     for     the    purpose, 
recommend  the  award  of  prizes  for  papers,   published   during  the 
year  ending  July  1,  1905,  as  follows : 

The  Norman  Medal  to  Mr.  C.  C.  Schneider,  for  Paper  No.  997, 
"The  Structural  Design  of  Buildings." 

The  Thomas  Fitch  Rowland  Prize  to  Messrs.  Charles  L.  Harri- 
son and  Silas  H.  Woodard,  for  Paper  No.  981,  "Lake  Cheesman 
Dam  and  Reservoir." 

The  Collingwood  Prize  for  Juniors  to  Mr.  E.  P.  Goodrich,  for 
Paper  No.  983,  "Lateral  Earth  Pressures  and  Related  Phenomena." 

James  Christie, 
J.  T.  Fanning, 
F.  C.  KuNz, 

Committee. 

The  Thirty-eighth  Annual  Convention  of  the  Society  will  be  held 
at  the  Hotel  Frontenac,  Thousand  Islands,  New  York,  June  26th 
to  29th,  1906. 
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I  have  to  announce  the  death  of  Francis  Edward  Snyder,  elected 
Member  September  Gth,  1905;  died  December  23d,  1905. 

The  Assistant  Secretary  also  made  some  announcements  relative 
to  the  prog-ramme  of  the  Annual  Meeting. 

The  President. — We  will  now  take  an  intermission  until  such 
time  as  the  tellers'  report  is  ready  to  be  submitted. 

(Recess.) 

The  President. — (After  recess.)  Gentlemen,  the  report  of  the 
tellers  is  ready. 

The  Assistant  Secretary. — The  tellers  report:  ^TeUers°' 

Report  of  Tellers  Appointed  to  Canvass  the  Ballot  for  the  Election 
of  Officers  at  the  Annual  Meeting,  January  17th,  1906. 

Total  number  of  ballots  received 845 

Defective   24 

Total  number  counted 821 

For  President : 

Frederic  P.   Stearns 817 

Josiah   A.    Briggs 1 

E.  L.  Corthell 1 

Fayette    S.    Curtis 1 

For  Vice-Presidents: 

Onward    Bates 811 

Bernard  R.  Green 801 

H.  G.  Kelley 1 

A.    C.    Cunningham 1 

Almon  B.  Atwater 1 

John   A.    Ockerson 1 

E.  C.  Shankland 1 

George    S.    Webster 1 

For  Treasurer : 

Joseph  M.  Knap 815 

John    Thomson 1 

For  Directors: 

George   Gibbs 802 

J.   Waldo   Smith 808 

Emil    Swensson 796 

James  M.  Johnson 802 

W^ynkoop    Kiersted 799 

William   B.   Storey,   Jr 800 

E.    Marburg 1 
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Tellers 

(continued). 


E.  M.  Scofield 1 

John  Sterling  Deans 2 

Arthur  P.  Davis 1 

A.  L.    Johnson 1 

L.    W.   Kundlett 1 

L.  L.  Tribus 1 

J.  F.  Coleman 2 

James  Murray  Africa 1 

Arthur  L.  Adams 2 

William  G.  Wilkins 2 

James  H.  Brace 1 

W.  W.  Coe 1 

B.  M.  Wagner 1 

Frank  O.  Marvin 1 

E.  B.  Gushing 1 

A.  V,  Kellogg 1 

William  G.  Brenneke 1 

George  E.  Gifford 1 

A.  B.  Corthell 1 

William  H.  Wiley 1 

Ashbel  E.  Olmsted 1 

E.    Wegmann 1 

Arthur  Hider 1 

J.  A.  Omberg,  Jr 1 

H.   H.   McClintock 1 

George  S.  Greene,  Jr 1 

J.  A,  Atvrood 1 

Robert   A.    Cummings 1 

J.  A.  L.  Waddell 1 

Thomas  W.  Symons 1 

E.  J.  Beard 1 

George  B.   Francis 1 

W.  D.  Kelley, 
Geo.  L.  Wilson, 
J.  A.  Knighton, 

Tellers. 


Officers 
Elected. 


The  President. — The  following  having  received  a  majority  of 
the  votes  cast  are  herewith  declared  to  be  elected  as  officers  of  this 
Society  for  the  ensuing  year: 

As  President,  Frederic  P.  Stearns.     (Applause.) 

As  Vice-Presidents,  Onward  Bates  and  Bernard  R.  Green; 

As  Treasurer,  Joseph  M.  Knap; 

As  Directors,  George  Gibbs,  J.  Waldo  Smith,  Emil  Swensson, 
James  M.  Johnson,  Wynkoop  Kiersted  and  William  B.  Storey,  Jr. 
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The  Chair  will  appoint  ]\Ir.  Green  and  Mr.  Swensson  as  a  com- 
mittee to  conduct  Mr.  Stearns  to  the  platform.     (Applause.) 

The  President. — I  take  pleasure  in  introducing  to  you  Mr. 
Stearns,  President-elect  of  the  American  Society  of  Civil  Engineers. 
(Applause.) 

President  Stearns. — Gentlemen  of  the  American  Society  of  Civil 
Engineers,  I  thank  you  for  your  cordial  greeting. 

Permit  me  to  express  to  you  my  grateful  appreciation  of  the  high 
honor  that  you  have  conferred  upon  me  in  electing  me  as  President 
of  this  Society  which  we  all  esteem. 

The  mere  mention  of  the  name — The  American  Society  of  Civil 
Engineers — brings  with  it  suggestions  of  a  Society  which  stands 
for  the  maintenance  of  the  highest  professional  standing  among  its 
members;  of  a  Society  whose  members  accomplish  marvels  in  these 
days  of  progress;  of  a  Society  rapidly  growing  both  in  numbers  and 
resources,  and  capable  of  accomplishing  great  results,  such  as  were 
produced  by  the  International  Engineering  Congress;  it  brings  with 
it  also  the  memories  of  those  who  are  not  with  us,  eminent  and 
honored  members  who  were  devoted  to  its  interests. 

In  accepting  the  Presidency  and  the  responsibility  which  goes 
with  it,  I  recognize  my  own  limitations ;  but,  with  your  co-operation, 
I  will  try  to  achieve  the  best  measure  of  success  that  lies  within  my 
power. 

I  thank  you  once  more,  gentlemen,  for  the  honor  conferred. 
(Applause.) 

The  meeting  then  adjourned. 


President 

Steams 

Introduced. 


Remarks  by 
President 
Stearns. 


Adjourned. 
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EXCURSIONS    AND    ENTERTAINMENTS   AT  THE  FIFTY=THIRD 
ANNUAL  MEETING. 

Wednesday,  January  17th,  1906. — After  the  business  meeting, 
lunch  for  about  500  members  was  served  at  1.30  p.  m.  at  the  Society 
House. 

At  3  p.  M..  excursions  under  special  guidance  were  organized,  and 
visited  the  following  engineering  works:  The  Fifty-ninth  Street 
Power  House  of  the  Interborough  Eapid  Transit  Company,  George 
H.  Pegram,  M.  Am.  Soc.  C.  E.,  Chief  Engineer;  the  Blackwell's 
Island  Bridge,  O.  F.  Nichols,  M.  Am.  Soc.  C.  E.,  Chief  Engineer; 
the  Pennsylvania  Railroad  Terminal  Station,  George  C.  Clarke, 
M.  Am,  Soc.  C.  E.,  Eesident  Engineer;  the  Waterside  Stations  of 
the  New  York  Edison  Company,  Thirty-eighth  to  Fortieth  Streets 
and  East  Kiver,  Thomas  F.  Murray,  General  Manager. 

At  9  p.  M.  there  was  a  Reception,  with  dancing,  in  the  Society 
House,  at  which  the  attendance  was  about  350. 

Thursday,  January  i8th,  1906. — The  day  was  devoted  to  an 
excursion,  by  steamer,  to  the  New  York  Navy  Yard,  by  invitation 
of  Rear-Admiral  Joseph  B.  Coghlan,  Commandant. 

The  party  met  at  the  pier  at  the  foot  of  West  Forty-first  Street 
("North  River)  at  10  a.  m.,  and  embarked  on  the  steamer  Valley  Girl. 
kindly  furnished  through  the  courtesy  of  General  Howard  Carroll 
and  the  Hon.  John  H.  Starin.  The  vessel  proceeded  down  the  North 
River,  around  the  Battery,  and  directly  to  the  Navy  Yard,  where 
the  party  was  received  by  the  Commandant  and  officers  in  charge. 
All  the  buildings,  dry  docks  and  other  features  of  the  Yard  were  open 
for  inspection,  and  quite  a  large  number  visited  the  United  States 
Battleship  Connecticut,  which  was  being  fitted  out. 

On  leaving  the  Navy  Yard  the  steamer  proceeded  up  the  East 
River  as  far  as  Riker's  Island,  thus  affording  a  view  of  the  various 
bridges,  and  incidentally  other  engineering  works  on  the  river  front. 
Lunch  was  served  on  the  boat,  and  the  party  landed  at  the  Recre- 
ation Pier  at  the  foot  of  East  Twenty-fourth  Street  at  about  5  p.  m. 

In  the  evening,  at  the  Society  House,  Charles  S.  Gowen,  M.  Am. 
Soc.  C.  E.,  presented  a  paper  entitled,  "The  Changes  at  the  New 
Croton  Dam,"  which  was  illustrated  with  lantern  slides,  and  the 
subject  was  discussed  by  W.  R.  Hill,  M.  Am.  Soc.  C.  E.  This  was 
followed  by  a  social  and  informal  "smoker,"  at  which  there  was  an 
attendance  of  more  than  500  members  and  guests. 

The  following  list  contains  the  names  of  605  members,  of  various 
grades,  who  registered  as  being  in  attendance  at  the  Annual  Meet- 
ing. The  list  is  incomplete,  on  account  of  the  failure  of  many 
members  to  register,  and  it  does  not  contain  the  names  of  any  of 
the  guests  of  the  Society  or  of  individual  members: 
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Ahbot,  F.   W....Xcnv  York  City 

Abbott.    II New   York   City 

Aiken.  W.  A Pittsburg,  Pa. 

Aldernnm.   C.   A.. 

Worcester,   Mass. 

Allen.  C.  H New  York  City 

Allen.  C.   L Utiea.  N.  Y. 

Allen,  E.  Y.,  Sontli  Orange,  N.  J. 

Allen.  H.  C Syracuse,  N.  Y. 

Allen,  W.  A New  York  City 

Andrews,  Horace.  .Albany,  N.  Y. 
Ash,  Dorsey. .  .Wilmington,  Del. 

Aspinwall,  T Boston,  Mass. 

Atkinson,  A.... New  York  City 
Auryansen,  F.  .Bi-ooklyn,  N.  Y. 
Averill,  F.  L.  .Washington.  D.  C. 

Babeoek,  W.  S.  .New  York  City 
Backes,  W.  J.  .Weehawken,  N.  J. 
Bacon,  John  W.Danbury,  Conn. 
Bailey,   G.  I.... New  York   City 

Baird,  H.  C New  York  City 

Baker,  H.  C,  Jr. New  York  City 
Baldwin.  F.  H.  .Brooklyn,  N.  Y. 
Baldwin,  W.  J.  .New  York  City 

Ball,  E.   S New  York  City 

Bamford,  W.  B.  .New  York  City 
Bardol.  F.  V.  E.  .Buffalo,  N.  Y. 
Barney,  Percy  C.Brooklyn,  N.  Y. 
Bartoccini,  A.  . .  .New  York  City 
Bartram,  G.  C... Boston,  Mass. 
Basinger,  J.  G.  ..New  York  City 
Beerbower,  G.  M.New  York  City 
Belden,  E.  T.  .New  Haven,  Conn. 
Belknap,  J.  M.  .Ashtabula,  Ohio 
Belknap,  W.  E.  .New  York  City 
Bell,   T.   K.... Philadelphia,   Pa. 

Belzner,  T New  York  City 

Benton,  L.  S New  York  City 

Berg,  Walter  G.  .New  York  City 
Berger,  Bernt...New  York  City 
Bernegau,  CM..  New  York  City 

Berry,  G Brooklyn,  N.  Y. 

Betts,  K.  T New  York  City 

Beugler.  E.  J... New  York  City 


Bishop,  G.  H.Middletown,  Conn. 
Bisho]),  H.  K.... Hudson,  N.  Y. 

Bissell,   H Boston,   Mass. 

Blakeley,  G.  H.  .Paterson,  N.  J. 
Boardman,  H.  E.New  York  City 
Boecklin,  Werner. New  York  City 
Bogart,  John.  ..  .New  York  City 

Boiler,  A.  P New  York  City 

Bond,  G.  W.,  Jr., 

Weehawken,  N.  J. 
Boucher,  W.  J.  .New  York  City 
Bouton,  H.  ..  .Jersey  City,  N.  J. 
Bowman,  A.  L.  .  .New  York  City 

Boyd,  J.  C New  York  City 

Brace,  J.  H New  York  City 

Brackenridge,  J.  C, 

Brooklyn,   N.   Y. 

Braine,  L.  F New  York  City 

Bramwell,  G.  W.New  York  City 
Braslow,  Barnett.New  York  City 
Breuchaud,  J.  ..  .Yonkers,  N.  Y. 
Breuchaud,  J.  R.  .Yonkers,  N.  Y. 
Briggs,  R.  E.... Mexico,  Mexico 
Brinckerhoff,  H.  W., 

New  York  City 
Brown,  L.  L....New  York  City 

Brown,   S.  C New  York  City 

Brown,  T.  E.  ..  .New  York  City 
Brown,  W.  P.  . .  .New  York  City 
Bruce,  J.  M....New  York  City 
Bryson,  Andrew. New  Castle,  Del. 
Buchholz,  C.  W.  .New  York  City 

Buck,  L.  L New  York  City 

Buck,  R.  S New  York  City 

Bullock,  W.  D.  .Providence,  R.  I. 
Burgess,  G.  H.  .New  York  City 

Burr,  W.  H New  York  City 

Burrowes,  H.  G.  .New  York  City 

Bush,   H.  D Baltimore,   Md. 

Bush,  L East  Orange,  N.  J. 

Buzzell,  J.  W Boston,  Mass. 

Cantine,  E.  I. East  Orange,  N.  J. 

Carlile,  T.  J New  York  City 

Carpenter,  A.  W.New  York  City 
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Carter,  A.  E New  York  City 

Chambers,  H.  J.  .New  York  City 

ChapleaiT,  S.  J Ottawa,  Ont. 

Chester,  J.  N Pittsburg,  Pa. 

Christian,  G.  H.New  York  City 
Christy,  G.  L.  . .  .New  York  City 

Clapp,  S.  K New  York  City 

Clark,  G.  Hallett.New  York  City 
Clark,  J.  A.,  Jr., 

East  Orange,  N.  J. 
Clarke,  G.  C.  ..  .New  York  City 
Clarke,  St.  John. .  .Bogota,  N.  J. 

Coe,  W.  W Eoanoke,  Va. 

Coffin,  Amory...New  York  City 
Coffin,  T.  Amory.New  York  City 

Cole,  H.  O New  York  City 

Collier,  B.  C.  ..  .New  York  City 
Collingwood,  F.  .Elizabeth,  N.  J. 
Conger,  A.  A.... Albany,  N.  Y. 

Cook,  J.  H Paterson,  N.  J. 

Coombs,  S.  E New  York  City 

Cooper,  S.  L.  ..  .Yonkers,  N.  Y. 
Cornell,  G.  B.  ..  .New  York  City 
Cornell,  J.  N.  H.New  York  City 
Corthell,  A.  B.  ..New  York  City 

Cotton,  J.  P Newport,  R.  I. 

Coverdale,  W.  H.New  York  City 

Crane,  C.  A New  York  City 

Crane,  J.  S Newark,  N.  J. 

Craven,  Alfred.  .New  York  City 
Crehore,  W.  W.  .New  York  City 
Cresson,  B.  F.,  Jr., 

New  York  City 
Crenzbaur,  R.  W.New  York  City 
Crowell,  Foster.  .New  York  City 
Cuddeback,  A.  W. Paterson,  N.  J. 
Cummings,  Noah. New  York  City 

Curtis,  F.   S Boston,  Mass. 

Curtis,  V.  P . .  .  Worcester,  Mass. 

Daily,  J.  A.  .East  Orange,  N.  J. 
Dakin,  A.  H.,  Jr. New  York  City 
Dalrymple,  F.  W.Bayonne,  N.  J. 
Davies,  J.  V.  ..  .New  York  City 
Davis,  A.  L New  York  City 


Davis,   C Edgeworth,  Pa. 

Davis,  J.  L New  York  City 

Davis,   R.   B Boston,  Mass. 

Davis,  W.  R Albany,  N.  Y. 

Dean,  Luther.  ..  .Taunton,  Mass. 
Deans,  J.  S .  . .  .  Phoenixville,  Pa. 
Decker,  J.  H.Atlantic  City,  N.  J. 

Devin,   G New  York  City 

Diamant,  A.  H.  .New  York  City 

Dilks,  L.  C New  York  City 

Dimon,  D.  Y.  . .  .New  York  City 
Dorrance,  W.  T . .  New  York  City 
Doty,  A.  Duane.  .New  York  City 
Dougherty,  R.  E.New  York  City 
Downes,  A.  K...New  York  City 

Drew,  CD Brooklyn,  N.  Y. 

Dunham,  H.  F.  .New  York  City 
Dunlap,  F.  C. Philadelphia,  Pa. 

Easby,  M.  W.  .Philadelphia,  Pa. 
Edwards,  D.  G.  .New  York  City 
Edwards,  H.  W.  .New  York  City 
Edwards,  J.  H.  ..  .Oxford,  N.  Y. 

Ellis,  J.  W Woonsocket,  R.  I. 

Elwell,  C.  C.New  London,  Conn. 
Evans,  L.  H....New  York  City 

Farrington,  H... Yonkers,  N.  Y. 

Fenton,  L.  G New  York  City 

Fetherston,  J.  T., 

New  Brighton,  N.  Y. 

Fickes,  E.  S Pittsburg,  Pa. 

Fisher,  E.  A.  .  .Rochester,  N.  Y. 

Fisher,  F.  D New  York  City 

Fisher,  H.  T.  ..  .New  York  City 

Fisher,  W Philadelphia,  Pa. 

Fletcher,  R Hanover,  N.  H. 

Flinn,  Alfred  D.  .New  York  City 
Forchhammer,  H.New  York  City 

Ford,  P.  D New  York  City 

Ford,  W.  H..  .Philadelphia,  Pa. 
Forgie,  James... New  York  City 

Fort,  E.  J New  York  City 

Foster,  E.  H New  York  City 

Francis,  G.  B.  . .  .New  York  City 
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Francis,  H.  N.  .Providence,  R.  I. 

Fraser,  C.  E New  York  City 

French,  A.  W.  .Worcester,  Mass. 
French,  J.  B .  . .  .  Jamaica,  N.  Y. 
Frick,  Walter.  ..  .Lewisburg,  Pa. 

Frost,  G.  S Brooklyn,  N.  Y. 

Fuller,  F.  L Boston,  Mass. 

Fuller,  W.  B Pittsburg,  Pa. 

Fuller,  W.  E.  ..  .New  York  City 
Furber,  W.  C.  .Philadelphia,  Pa. 

Gahagan,  W.  II. Brooklyn,  N.  Y. 
Gartensteig,  C.  ..New  York  City 
Gaston,  L.  P.  ..  .New  York  City 
Gifford,  G.  E.  . .  .New  York  City 
Giles,  A.  L.  ..  .Providence,  R.  I. 
Giles,  Robert. .  .Lawrence,  N.  Y. 
Gillen,  W.  J.  .Croton  Falls,  N.  Y. 
Gillespie,  R.  II.  .New  York  City 
Gillette,  H.  P.  ..New  Y^ork  City 
Goad,  C.  E.  ..  .Toronto,  Canada 
Goldsborough,  J.  B., 

Croton-on-Hudson,  N.  Y. 
Goodrich,  E.  P.  .New  York  City 
Goodridge,  J.  W.New  York  City 
Gould,  J.  W.  duB.New  York  City 
Gould,  W.  T....New  York  City 

Gow,  C.  R Boston,  Mass. 

Gowen,  C.  S .  . .  .  Ossining,  N.  Y. 

Gowen,  S Phcenixville,  Pa. 

Grady,  C.  B.  .West  Orange,  N.  J. 
Graham,  C.  H.  .New  York  City 
Graham,  J.  M.  ..New  York  City 
Grant,  T.  H.  ..  .Red  Bank,  N.  J. 

Gray,  J.  C Brooklyn,  N.  Y 

Gray,  J.  H New  York  City 

Gray,  W New  York  City 

Green,  B.  R . .  Washington,  D.  C. 

Green,  C.  N New  York  City 

Green,  F.  M New  York  City 

Greene,  Carleton.New  York  City 
Greene,  G.  S.,  Jr. New  York  City 
Greenlaw,  R.  W.  .New  York  City 
Gregory,  C.  E.  ..New  York  City 
Greiner,  J.  E.  ..  .Baltimore,  Md. 


(h-iffin.  A.  J.  ..  .Brooklyn,  N.  Y. 

(h-imes,  E.  L Troy,  N.  Y. 

Grimm,  C.  R.  ..  .New  York  City 
Guthrie,  K.  O.  .Brooklyn,  N.  Y. 

Ilager,  A.  B.  .Rutherford,  N.  J. 
Haight,  S.  S....New  York  City 
Haines,   C.   W.  .  .Richmond,   Va. 

Hale,  II.  M New  York  City 

Hall,  L.  W Syracuse,  N.  Y. 

Hall,  M.  W New  York  City 

Ilallsted,  J.  C.  .New  York  City 
Hanavan,  W.  L.  .New  York  City 
Harrison,  C.  L.  .New  York  City 
Harrison,  E.   W., 

Jersey  City,  N.  J. 
Harte,  C.  R..New  Haven,  Conn. 
Harwood,  G.  A.  .New  York  City 
Haskins,  W.  J.  .New  York  City 

Hauck,  W Brewster,  N.  Y. 

Hayes.  H.  W Boston,  Mass. 

Hazard,  S.  .White  Plains,  N.  Y. 
Hazelton,  C.  W., 

Turners  Falls,  N.  Y. 
Hazen,  Allen ....  New  York  City 
Hazen,  John  V.  .Hanover,  N.  H. 
Hazen,  W.  N.  . .  .New  York  City 
Hazlett,  R... Wheeling,  W.  Va. 
Heald,  E.  C.  .Washington,  D.  C. 
Herbert,  H.  M., 

Bound  Brook,  N.  J. 
Hering,  Rudolph. New  York  City 
Hermanns,  F.  E.  .New  York  City 

Herschel,  C New  York  City 

Hewes,  Virgil  H.New  York  City 

Hewitt,  C.  E Trenton,  N.  J. 

Hildenbrand,  W.  .New  York  City 
Hill,  A.  B...New  Haven,  Conn. 

Hill,  G New  York  City 

Hill,  W.  R Brooklyn,  N.  Y. 

Hillyer,  W.  R., 

West  Brighton,  N.  Y. 
Hoag,  S.  W.,  Jr.  .New  York  City 
Hodgdon,  F.  W... Boston,  Mass. 
Hodge,  Henry  W.New  York  City 
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Hoffman,  N.  B.  K, 

New  York  City 

Hogan,  J,  P New  York  City 

Holbrook,  Percy. New  York  City 
Hollyday,  E.  C.  .New  York  City 
Holiness,  G.  G. .  .Ivatonah,  N.  Y. 

Hood,  E.  H New  York  City 

Horton,   S Garrison,  N.  Y. 

Hough,  D.  L New  York  City 

Hovey,  O.  E....New  York  City 

How,  E.  W New  York  City 

Howard,  E.  E.  .Kansas  City,  Mo. 

Howard,  J.  L Boston,  Mass. 

Howe,  H.  J New  York  City 

Howell,  E.  P.  .Philadelphia,  Pa. 

Howes,  D.  W New  York  City 

Hoyt,  W.  E.  ..  .Eochester,  N.  Y. 
Hubbell,  G.  S.  . .  .New  York  City 
Hudson,  C.  W.  .Phoenixville,  Pa. 
Hughes,  H.  J . .  Cambridge,  Mass. 
Humphrey,  E.  L., 

Philadelphia,  Pa. 
Hunt,  C.  A.... Brooklyn,  N.  Y. 
Hunt,  Eobert  W... Chicago,  111. 
Hvmtington,   G.   D., 

Watertown,  N.  Y. 

Ingersoll,  C.  M., 

New  Haven,  Conn. 

Jacobs,  E.  H New  York  City 

Jacoby,  H.  S Ithaca,  N.  Y. 

Janvrin,  N.  H.  .  .New  York  City 
Japp,  H.Long  Island  City,  N.  Y. 
Johnson,  A.  L.  ..  .St.  Louis,  Mo. 
Johnson,  L.  J . .  Cambridge,  Mass. 
Jonson,  E.  F.  ..  .New  York  City 
Jordan,  W.  F., 

White  Plains,  N.  Y. 
Just,  G.  A New  York  City 

Kastl,  A.  E Clinton,  Mass. 

Keays,  E.  H New  York  City 

Keith,  H.  C New  York  City 

Keller,   C.   L Chicago,   111. 


Kelley,  W.  D Yonkers,  N.  Y. 

Kenly,  W.  W New  York  City 

Kenney,  E.  F.  .Philadelphia,  Pa. 
King,  C.  C, 

West  New  Brighton,  N.  Y. 

King,  P.  S New  York  City 

King,  W.,   Jr... New  York  City 

Kinsley,  T.  P New  York  City 

Kirchner,  P.  A.  .New  York  City 
Knap,  Edgar  D.  .New  York  City 
Knap,  Joseph  M.New  York  City 
Knickerbocker,  J... Troy,  N.  Y. 
Knight,  Frank  B.New  York  City 
Knighton,  J.  A.  .New  York  City 

Knowlton,  T New  York  City 

Kolb,  H.  J Brooklyn,  N.  Y. 

Kuichling,  E....New  York  City 

LaChicotte,  H.  A. New  York  City 
Lamb,  Eichard.  .New  York  City 
Landreth,  O.  H., 

Schenectady,  N.  Y. 
Langthorn,  J.  S.New  York  City 

Lavis,  F New  York  City 

Leather,  B.  H.  .  .New  York  City 
Leavitt,  C.  W.,  Jr., 

New  York  City 

Lee,  D.  E Middletown,  N.  Y. 

Lee,   W.   B Hillburn,   N.   Y. 

Leffingwell,  F.  D.Montclair,  N.  J. 
Leisen,   T.   A.  .Wilmington,   Del. 

Lentilhon,  E New  York  City 

Leonard,  H.  E.Philadelphia,  Pa. 
Lesley,  E.  W.  .Philadelphia,  Pa. 

Lewis,  L.  H New  York  City 

Lewis,  N.  P New  York  City 

Lieb,  J.  W.,  Jr.  .New  York  City 

Lindenthal,  G New  York  City 

Logan,  W.  S.  . .  .Arlington,  N.  J. 
Long,  E.  McL .  . .  New  York  City 

Look,  M.  J Katonah,  N.  Y. 

Loomis,  H...Mt.  Vernon,  N.  Y. 
Lowinson,  O....New  York  City 

Lucas,  G.  L New  York  City 

Lundie,  John.  . .  .New  York  City 
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MacCrackon,  G.  G., 

New  York  City 
MacGregor,  R.  A., 

New  York  City 
Machen,  H.  B...New  York  City 
MacNab,  G.  T.  ..New  York  City 
McComb,  C.  O . .  Syracuse,  N.  Y. 
McComb,  D.  E., 

Washing-ton,   D.   C. 
McCormack,  C.  W., 

New  York  City 
McDauiel,  A.  B.  .New  York  City 
McHarg,  Leslie.  .New  York  City 
McKenzie,  T.  H.Hartford,  Conn. 
McMinn,  T.  J.  .New  York  City 
McPherson,   R.   H., 

New  York  City 
Magor,  Basil.... New  York  City 
Malukoff,  A.  J.. New  York  City 
Manley,  Henry.  ..  .Boston,  Mass. 
Marple,   W.   M.  . .  .Scranton,  Pa. 

Mead,  C.  A New  York  City 

Meem,  J.  C New  York  City 

Merrill,   O New  York   City 

Merriman,  M., 

South  Bethlehem,  Pa. 

Merriman,  T Shokan,  N.  Y. 

Merritt,  D.  S.  .Tarrytown,  N.  Y. 
Merryman,  W.  C, 

New  York  City 
Metcalf,  Leonard.  .Boston,  Mass. 
Meyer,  H.  C.  ..  .New  York  City 
Meyers,  C.  W .  . .  New  York  City 
Miller,  Prank... New  York  City 

Miller,  H.  A Boston,  Mass. 

Miller,  H.  C New  York  City 

Miller,  E.  P.... New  York  City 
Mills,  C.  M.  ..  .Philadelphia,  Pa. 
MoisseifF,  L.  S.  .New  York  City 
Moore,  W.  H.New  Haven,  Conn. 

Moran,  D.  E New  York  City 

Morrison,  H.  J.  .Syracuse,  N.  Y. 

Morse,  C.  M Buffalo,  N.  Y. 

Moulton,  Mace.  .New  York  City 
Myers,  J.  H....New  York  City 


Neumoyer,  R.  E.  .Bethlehem,  Pa. 
Newbrough,  W.  .Evanston,  Wyo. 
Nichols,  C.  H.  ..New  York  City 

Noble,  A New  York   City 

Noble,  F.  C... Brooklyn,  N.  Y. 

North,  E.  P New  York  City 

Norton,  A.  G.  .  .Otisville,  N.  Y. 

Nunn,  P.  N Provo,  Utah 

Nye,  A.  S New  York  City 

Oastler,  W.  C.  ..New  York  City 
Odell,  F.  S.  .Port  Chester,  N.  Y. 
Olmsted,  A.  E..  .New  York  City 
Opdyke,  S.  B.,  Jr., 

New  York  City 
Orr,  Alex.  ..  .Gloversville,  N.  Y. 
Osborn,  F.  C . .  .  Cleveland,  Ohio 
Osgood,  J.  O.  .Jersey  City,  N.  J. 

Otagawa,  M Tokyo,  Japan 

Owen,  A.  E Montclair,  N.  J. 

Owen,  James.  ..  .Newark,  N.  J. 
Oxholm,  T.   S., 

West  New  Brighton,  N.  Y. 

Park,  J.  C Cranford,  N.  J. 

Parker,  A.  McC.  .New  York  City 

Parker,  C.  J New  York  City 

Parker,  W. Boston,  Mass. 

Parmley,  W.  C.  .New  York  City 

Parsons,  G.  W Steelton,  Pa. 

Parsons,  H.  deB Troy,  N.  Y. 

Pegram,  G.  H.  ..New  York  City 

Pemoff,  J.  J New  York  City 

Perkins,  P.  S.  .Providence,  R.  T. 
Perrilliat,  A..  .New  Orleans,  La. 
Perry,  J.  P.  H.  ..New  York  City 

Peterson,  J Brooklyn,  N.  Y. 

Plympton,  G.  W.Brooklyn,  N.  Y. 

Polk,  W.  A New  York  City 

Pollock,  CD...  .Brooklyn,  N.  Y. 

Pope,  J.  H New  York  City 

Potter,  A New  York  City 

Potter,  H.  W New  York  City 

Potts,  Clyde New  York  City 

Powers,  C.  V.  V.New  York  City 
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Preston,  H.  W.  . .  .Elmira,  N.  Y. 
Prince,  A.  D .  . .  .  ISTew  York  City 

Proctor,  E.  F New  York  City 

Prout,  IT.  G Kew  York  City 

Pruyn,  F.  L New  York  City 

Quimby,  E.  E.  ..New  York  City 
Quinby,  C.  E ....  Ludlow,  Mass. 
Quincy,   C.   F Chicago,  111. 

Eay,  David  H.  ..New  York  City 

Eead,  E.  L Maiden,  Mass. 

Eeynolds,  J.  O.  .New  York  City 

Eice,  G.  S New  York  City 

Eichards,  J.  T.Philadelphia,  Pa. 
Eichardson,  C..New  ^"ork  City 
Eichardson,  T.  F.  .Clinton,  Mass. 
Eichmond,  J .  . .  .  Yonkers,  N.  Y. 

Eidgway,  E New  York  City 

Eiedel,  J.  C New  York  City 

Eights,  L.  D.  .New  Haven,  Conn. 
Eobbins,  A.  A.  ..New  York  City 

Eoberts,  G.  T Buffalo,  N.  Y. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  March  7th,  1906.— 8.30  p.  M. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper,  entitled  "The  Theory  of  Continuous  Columns,"  by 
Ernst  F.  Jonson,  Assoc.  M.  Am.  Soc.  C.  E.,  will  be  presented  for 
discussion. 

This  paper  was  printed  in  Proceedings  for  January,  1906. 

Wednesday  March  21st,  1906 — 8.30  p.  m. — At  this  meeting  a 
paper,  entitled  "New  Facts  about  Eye-Bars,"  by  Theodore  Cooper, 
M.  Am.  Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  January,  1906. 

Wednesday,  April  4th,  1906.— 8.30  p.  M. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper,  entitled  "The  Panama  Canal,"  by  A.  G.  Menocal, 
M.  Am.  Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings.  - ; 

Wednesday,  April  18th,  1906.— 8.30  p.  m. — At  this  meeting  a 
paper,  entitled  "A  Complete  Analysis  of  General  Flexure  in  a 
Straight  Bar  of  Uniform  Cross- Section,"  by  L.  J.  Johnson,  M.  Am. 
Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 


Wednesday,  May  2d,  1906. — 8.30  p.  m. — A  regular  business  meet- 
ing will  be  held.  Ballots  for  membership  will  be  canvassed,  and  a 
paper,  entitled  "The  Control  of  Hydraulic  Mining  in  California  by 
the  Federal  Government,"  by  William  W.  Harts,  M.  Am.  Soc.  C.  E., 
will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 


ANNUAL  CONVENTION. 

The  Thirty-eighth  Annual  Convention  of  the  Society  will  be  held 
at  The  Hotel  Frontenac,  Thousand  Islands,  New  York,  on  June  26th 
to  29th,  1906. 
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PRIVILEGES    OF    ENGINEERING     SOCIETIES 

EXTENDED  TO   MEMBERS   OF  THE 
AMERICAN    SOCIETY  OF  CIVIL    ENGINEERS. 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of 
their  Beading  Booms  and  at  all  meetings: 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Xewcastle-upon-Tyne,  England. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
England. 

American  Institute  of  Mining  Engineers,  99  John  Street,  New 
York  City. 

Boston  Society  of  Civil  Engineers,  71-5  Tremont  Temple,  Boston, 
Mass. 

Civil  Engineers'  Club  of  Cleveland,  1200  Scofield  Building,  Cleve- 
land, Ohio. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Philadelphia,  1122  Girard  Street,  Philadel- 
phia, Pa. 

Engineers'  Society  of  Western  Pennsylvania,  410  Penn  Avenue, 
Pittsburg,  Pa. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago, 
111. 

Louisiana  Engineering  Society,  604  Tulane-Newcomb  Building, 
New  Orleans,  La. 

Engineers'  Club  of  Central  Pennsylvania,  Corner,  Second  and 
Walnut  Streets,  Harrisburg,  Pa. 

Engineers'  and  Architects'  Club  of  Louisville,  Ky.,  803  Norton 
Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 

Teknisk  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 
Societe'  des  Ingenieurs  Civils  de  France,  19  Eue  Blanche,  Paris, 
Prance. 

Svenska  Teknologforenigen,  Brunkebergstorg  18,  Stockholm,  Swe- 
den. 

Institute  of  Marine  Engineers,  58  Eomford  Road,  Stratford,  Lon- 
don, E.,  England. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Sachsischer  Ingenieur=  und  Architekten-  Verein,  Dresden,  Ger- 
many. 

Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portu- 
gal. 

Pacific  Northwest  Society  of  Engineers,  617-618  Pioneer 
Building,  Seattle,  Wash. 
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Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London, 
^y.  C.  En-iland. 

Memphis  Engineering  Society,  ^Memphis,  Tenn. 

Oesterreichischer  Ingenieur=  und  Architekten=Verein,  Esclien- 
bachgasse  i.1.  Vienna,  Austria. 

The  Junior  Institution  of  Engineers,  39  Victoria  Street,  West- 
minster, S.  AV.,  London,  England. 

Institution  of  Engineers  of  the  River  Plate,  Buenos  Aires,  Ar- 
gentine Eepublic. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 


SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost 
to  the  Society  for  the  extra  work  required.  Since  that  time  many 
such  searches  have  been  made,  and  bibliographies  and  other  infor- 
mation on  special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases 
it  is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the 
cost  of  searches  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involv- 
ing search  through  periodical  literature,  is  desired. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  January  8th  to  February  13th,  1906. 
DONATIONS.* 
PRACTICAL  CEMENT  TESTING. 

By  W.  Purves  Taylor,  Jun.  Am.  Soc.  C.  E.  Cloth,  9  x  6,  ilkis,. 
9  +  320  pp.  'New  York,  The  Myron  C.  Clark  Publishing  Co.,  1906. 
$B  net. 

It  is  stated  in  the  preface  that  the  author  aims  to  give  a  complete  descrip- 
tion of  the  methods  of  handling  practical  tests  of  cement.  This  volume  has- 
been  designed  primarily  for  the  use  of  the  student,  the  novice,  and  the  practical 
operator  in  conducting  actual  routine  tests  of  cement  to  determine  its  suitability 
for  purposes  of  construction  ;  but  it  is  hoped  that  both  the  expert  and  the  en- 
gineer who  directs  this  work  may  also  find  something  of  interest  in  its  pages. 
The  general  scope  includes  a  description  of  the  properties  of  cement,  the  object 
of  the  various  tests,  the  methods  of  conducting  them,  the  common  influences 
and  errors  most  likely  to  affect  the  determinations,  and  the  practical  inter- 
pretation of  the  results  finally  obtained.  No  attempt  has  been  made  to  con- 
sider the  practical  use  of  cement  and  concrete,  except  in  so  far  as  the  con- 
ditions of  actual  work  regulate  the  use  of  the  various  tests,  while  the  data 
given  are  also  applicable  more  to  the  conduct  of  tests  than  to  the  final  use  of 
the  material.  In  other  words,  the  book  is  intended  to  cover  only  the  methods 
and  the  application  of  the  tests  of  cement  commonly  used  in  routine  work, 
and  not  to  consider  theoretical  properties,  investigations  of  a  research  char- 
acter, nor  the  use  of  cement.  There  is  a  bibliography  and  an  index  of  three- 
and-a-half  pages. 


Gifts  have  also  been  received  from  the  following; 


Am.  Mathematical  Soc.     1  pam. 

Arango,  R.   M.      1  pam. 

Atlantic    City,    N.    J.-Board    of    Water 

Commrs.      1  pam. 
Boston-Transit  Comm.      1  bound  vol. 
Brit.    Fire    Prevention    Committee.      1 

pam. 
Brooklyn,     N.     Y.-Commr.     of     Public 

Works.      1  bound  vol. 
Brooks,  Frederick.      205  pam. 
Brown      Hoisting     Machinery     Co.       1 

bound  vol. 
Brown,   Le  Grand.      1  pam. 
Cambridge       Mass. -Water      Board.       1 

pam. 
Carnegie      Inst,      of      Washington.       1 

vol. 
Coll.  degli  Ing.  e  Arch,  in  Palermo.      1 

vol. 
Colo. -State    Agri.    Exper.    Station.        1 

pam. 
Colo.    Springs,    Colo. -Health    Dept.     1 

pam. 
Conn. -Shell  Fish  Commrs.      1  pam. 
Deutsch-Am.     Tech.       Verbandes.        1 

pam. 
Dist.      of      Columbia-Street      Cleaning 

Dept.      1  pam. 
Eng.  Soc.  of  Japan.     1  pam. 
Fish,  J.  C.  L.      1  pam. 
Godfrey,  Edward.      1  bound  vol. 
Great     Britain-Under     Secy,     of     State 

for  India.     28  bound  vol.,   16  vol., 

11  pam. 
Hague,   C.  A. 
Harrod,   B.   M. 
Indiana-State 

bound  vol. 
Inst,  of  Civ.  Engrs.      1  bound  vol. 
Inst,  of  Civ.  Engrs.     Glasgow  Assoc,  of 

Students.     1  pam. 


2  pam. 

6  pam.      1  vol. 
Board     of     Health.       1 


Kansas  City  Southern  Ry.  Co.     1  pam. 
Lake  Mohonk  Conference.      1  vol. 
Lewis,   N.  P.      1  bound  vol. 
London,  Ont. -Board  of  Water  Commrs. 

1  pam. 
Mass. -Land    and    Harbor    Commrs.      1 

bound  vol. 
Mass.   Inst,   of  Tech.      1  pam. 
Met.  Ry.  Co.      1  pam. 
Mich. -Secy,  of  State.      1  bound  vol. 
Mobile,    Jackson    &   Kansas   City   R.  R, 

Co.      1  pam. 
National   Arts   Club.      1  pam. 
National    Board   of   Fire   Underwriters, 

Committee  of  Twenty.      2  vol. 
New    England    Cotton    Mfrs.    Assoc.      1 

bound  vol. 
New     South    Wales-Govt. 

3  pam. 
New    York    City-Board    of    Health.       1 

pam. 
New    York    City-Dept.    of    Docks    and 

Ferries.      1   bound  vol. 
Neio   York   City  Record.     3  bound  vol. 
New   York   Univ.      1    vol. 
Norway- Inspector  of   Mines. 
Ontario,    Canada-Provincial 

Health.      1   pam. 
Pennsylvania    R.  R.    System. 

vol. 

Piatt,   T.   C.      2   vol. 
Ry.   Signal  Assoc.      1  vol. 
Richmond,    Fredericksburg   &   Potomac 

R.  R.  Co.      1  pam. 
Rochester,      N.      Y.-Dept.      of      Public 

Works.      1  vol. 
Royal    Philosophical    Soc.    of    Glasgow. 

1  vol. 
Sachs,   Ing.-und  Arch.  Vereins.      2  vol. 
Smithsonian   Inst.      1   vol. 
South  Eastern  Ry.  Co.     2  pam. 


Statistician. 


1  pam. 
Board    of 


1   bound 


*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 


Affairs.]                        ACCESSIONS   TO  THE   LIBRARY.                                    89 

Texas-R.  R.  Comm.      1  vol.  U.    S.    Ordnance    Dept.      1    bound    vol. 

Thompson,  R.  A.      27   pam.  U.  S.  War  Dept.      14  specif. 

Transvaal-Irrig.  Comm.      1  vol.  I'.    S.   Weather   Bureau.      1   bound   vol. 

Twelvetrees,  W.  N.      1  pam.  Univ.    of    111.   Agri.   Exper.    Station.      1 

U.  S.  Bureau  of  Forestry.      1  pam.  pam. 

U.  S.  Bureau  of  Labor.      1  vol.  Univ.    of    111.    Eng.    Exper.    Station.      1 

V.  S.  Bureau  of  Statistics.      1  pam.  pam. 

U.  S.  Bureau  of  Steam  Eng.      1  pam.  Univ.  of  Mich.      1  pam. 

U.  S.  Bureau  of  the  Census.      1  bound  Univ.  of  Mich.  Eng.   Soc.      1  vol. 

vol.  Vulcanite  Portland  Cement  Co.    1  pam. 

U.    S.    Coast   and    Geodetic    Survey.      1  Washington,     D.     C. -Library    of     Con- 
bound  vol.,   1  pam.,  1  chart.  gress.     1   bound   vol. 

U.  S.  Engr.  School.      1  pam.  Western   Australia-Dept.    of   Mines.      1 

U.    S.    Geol.    Surv.      35    vol.,    1    bound  vol. 

vol.  Western  Australia-Geol.  Surv.     4  pam. 

U.  S.  Interstate  Commerce  Comm.      18  Whipple,  C.  C.      1  pam. 

pam.  Willson,  P.   N.      1   bound  vol. 

U.  S.  Lake  Survey  Office.      6  charts.  Woolson,  I.  H.      1  pam. 

U.    S.   Naval   Observatory.      1   vol.  Worcester  Polytechnic  Inst.      1  vol. 


BY  PURCHASE. 

The  Mechanical  Engineering  of  Collieries,  Vol,  II.  By  T.  Camp- 
bell Filters.     Loudon,  The  Chichester  Press,  1905. 

Sea-Coast  Erosion  and  Remedial  Works.  By  E.  G.  Allanson- 
Winn.     Loudon,  St.  Bride's  Press,  Ltd. 

Steam  Boilers,  Their  Hi-story  and  Development.  By  H.  H.  P. 
Powles.     London,  Archibald  Constable  &  Co.,  Ltd.,  1905. 

Architect,  Owner  and  Builder  Before  the  Law.  By  T.  M.  Clark, 
Xew  York,  The  Macmillan  Company;  Loudon,  Macmillan  &  Co., 
Ltd.,  1905. 

Theory  of  Structures  and  Strength  of  Materials.  By  Henry  T. 
Bovey.  Fourth  Edition.  Xew  York,  John  "Wiley  &  Sons;  London, 
Chapman  &  Hall,  Limited,  1905. 

Outlines  of  Practical  Hygiene.  By  C.  Gilman  Currier,  M.D., 
Assoc.  Am.  Soc.  C.  E.     New  York,  E.  B.  Treat  &  Co.,  1905. 

Economic  Geology  of  the  United  Slates.     By  HeinrichRies.    'New 

York,  The  Macmillan  Company;    Loudon,  Macmillan   &    Co.,  Ltd., 
1905. 

Building  Construction  and  Superintendence,  Parts  1-2.  By  F.  E. 
Kidder.     Xew  York,  William  T.  Comstock,  1905. 


SUMMARY  OF  ACCESSIONS. 

January  8th  to  February  1,3th,  1906. 

Donations  (including  33  duplicates) 458 

By  purchase 9 

Total 4(37 
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Jan. 
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Jan. 
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Jan. 
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ern Power  Co.,  316  Providence  Bldg.,  Duluth,  Minn.     Dec.      6,  1905 

ASSOCIATES. 

Bruce,  John  Moffatt.     42  Broadway,  New  York  City.  .     Jan.      3,  1906 
CoNARD,  William  Egberts.     Burlington,  N.  J Jan.      3,  1906 

JUNIORS. 

Abrams,   Duff  Andrew.     703  South  3d  St.,  Champaign, 

111 Jan.      2,  1906 

Black,  Edward  Fryling.  323  Baronne  St.,  New  Or- 
leans, La Oct.    31,1905 
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Care,  Postmaster,  Mobile,  Ala Jan.      2,  1906 

Shema,  Joseph.     2239  Essex  St.,  Baltimore,  Md Oct.      3,  1905 

Wyman,  Alfred  Marshall.     Asst.  Engr.,  Kapid  Transit 

Comm.,  203  North  16th  St.,  E.  Orange,  N.  J Jan.      2,  1906 


RESIGNATIONS. 


MEMBERS. 

Date  of 
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MONTHLY  LIST  OF  RECENT  ENQINEERINO  ARTICLES  OF 
INTEREST. 

(January  7tli  to  February  Uth.  l!)()(j.) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  the  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can 
be  procured  by  addressing  the  publication  directly,  the  address  and 
price  being  given  wherever  possible. 


LIST  OF  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  num- 
ber prefixed  to  each  journal  in  this  list. 


(1)  Journal,    Assoc.    Eng.    Soc,    257         (27) 

South     Fourth     St.,     Philadel- 
phia, Pa.,  30c.  (28) 

(2)  Proceedings,      Engrs.      Club      of 

Phila.,  1122  Girard  St.,  Phila-        (29) 

delphia,    Pa. 
<3)   Journal,    Franklin    Inst.,    Phila-         (30) 

delphia,  Pa.,  50c. 
<4)    Journal,  Western  Soc.  of  Engrs.,         (31) 

Monadnock  Block,  Chicago,  111. 

(5)  Transactions,    Can.    Soc.    C.    E., 

Montreal,  Que.,  Canada.  (32) 

(6)  School   of    Mines   Quarterly,   Co- 

lumbia Univ.,   New  York  City, 

50c.  (33) 

<7)    Technology  Quarterly,  Mass.  Inst.        (34) 

Tech.,    Boston,    Mass.,    75c. 
<8)   Stevens  Institute  Indicator,  Ste-         (35) 

vens  Inst.,  Hoboken,  N.  J.,  50c. 
(9)   Engineering  Magazine,  New  York        (36) 

City,  25c. 
<10)    Gassier" s    Magazine,    New    York        (37) 

City,    25c. 
(11)    Engineering     (London),     W.     H.         (38) 

Wiley,   New  York   City,   25c. 
<12)    The    Engineer    (London),    Inter- 
national  News  Co.,   New  York         (39) 

City,  35c. 
<13)    Engineering     News,     New     York        (40) 

City,   15c.  (41) 

(14)    The     Engineering     Record,    New 

York    City,    12c.  (42) 

<1S)    Railroad  Gazette,  New  York  City, 

10c.  (43) 

<16)   Engineering  and  Mining  Journal, 

New  York  City,  15c.  (44) 

<17)   Street     Railway     Journal,     New 

York    City.       Issues    for    first 

Saturday  of  each   month   20c.,         (45) 

other  issues  10c. 
<18)   Railway    and     Engineering     Re-        (46) 

view,  Chicago,  111.,  10c. 

(19)  Scientific   American    Supplement,        (47) 

New    York    City,    10c. 

(20)  Iron  Age,  New  York  City,  10c.  (48) 

(21)  Railway  Engineer,  London,  Eng- 

land, 25c.  (49) 

<22)   Iron    and    Goal    Trades    Review, 

London,   England,   25c.  (50) 

<23)   Bulletin,  American  Iron  and  Steel 

Assoc,  Philadelphia,  Pa.  (51) 

(24)  American     Oas     Light     Journal, 

New  York  City,   10c.  (52) 

(25)  American    Engineer,    New    York 

City,  20c.  {S3) 

(26)  Electrical  Review,  London,  Eng- 

land. 


Electrical  World  and  Engineer, 
New  York  City,  10c. 

Journal,  New  England  Water- 
Works  Assoc,   Boston,  $1. 

Journal,  Society  of  Arts,  Lon- 
don, England,  15c. 

Annates  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium. 

Annates  de  I'Assoc.  des  Ing. 
Sortis  des  Ecoles  Speciales  de 
Oand,  Brussels,  Belgium. 

Memoires  et  Compte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de 
France,    Paris,    France. 

Le  Genie  Civil,  Paris,  France. 

Portefouille  Economique  des  Ma- 
chines,   Paris,    France. 

Nouvellcs  Annates  de  la  Gon- 
struction,  Paris,  France. 

La  Revue  Technique,  Paris, 
France. 

Review  de  Mecanique,  Paris, 
Prance. 

Revue  Generate  des  Ghemins  de 
Per  et  des  Tramways,  Paris, 
France. 

Railway  Master  Mechanic,  Chi- 
cago, 111.,   10c. 

Railway  Age,  Chicago,  111.,  10c. 

Modern  Machinery,  Chicago,  111., 
10c. 

Proceedings,  Am.  Inst.  Elect. 
Engrs.,  New  York  City,  50c. 

Annates  des  Ponts  et  Ghaussees, 
Paris,  France. 

Journal,  Military  Service  Insti- 
tution, Governor's  Island,  New 
York  Harbor,  50c. 

Mines  and  Minerals,  Scranton, 
Pa.,   20c. 

Scientific  American,  New  York 
City,   8c. 

Mechanical  Engineer,  Manches- 
ter, England. 

Zeitschrift,  Verein  Deutscher  In- 
genieure,  Berlin,  Germany. 

Zeitschrift  fUr  Bauwesen,  Berlin, 
Germany. 

Stahl  und  Eisen,  Dilsseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin, 
Germany. 

Rigasche  Industrie-Zeitung,  Riga, 
Russia. 

Zeitschrift,  Oesterreicblscber  In- 
genieur  und  Architekten  Ver- 
ein, Vienna,  Austria. 
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(54)  Transactions,    Am.    Soc.    C.    E.,         (68)    Mining    Journal,    London,    Eng- 

New  York  City,   $5.  land. 

(55)  Transactions,    Am.    Soc.    M.    E.,         (70)    Evninecring    Review,    New    York 

New  York  City,  $10.  City,  10c. 

(56)  Transactions,      Am.      Inst.      Min.         (71)    Journal,     Iron    and     Steel     Inst., 

Engrs.,   New  York   City,    $5.  London,    England. 

(57)  Colliery  Chiardian,  London,  Eng-         (72)   Street  Railway  Review,  Chicago, 

land.  30c. 

(58)  Proceedings,    Eng.    Soc.    W.    Pa.,         (73)    Electrician,      London,      England, 

410  Pehn  Ave.,  Pittsburg,  Pa.,  18c. 

50c.  (74)    Transactions,    Inst,    of   Min.    and 

(59)  Transactions,     Mining     Inst,     of  Metal.,  London,  England. 

Scotland,     London     and     New-         (75)    Proceedings,       Inst.      of      Mech. 
castle-upon-Tyne,   England.  Engrs.,    London,   England. 

(60)  Municipal    Engineering,     Indian-         (76)    Brick,  Chicago,  10c. 

apolis,  Ind.,  25c.  (77)   Journal,  Inst.  Elec.  Engrs.,  Lon- 

(61)  Proceedings,     Western     Railway  don,    England. 

Club,    225    Dearborn    St.,    Chi-         (78)    Beton   und   Eisen,   Vienna,    Aus- 
cago.  111.,   25c.  trla. 

(62)  American  Manufacturer  and  Iron         (79)   Forscherarbeiten,    Vienna,    Aus- 

World,  59  Ninth  St.,  Pittsburg,  tria. 

Pa.  (80)  Tonindustrie-Zeitung,  Berlin, Ger- 

(63)  Minutes  of  Proceedings,  Inst.   C.  many. 

E.,    London,    England.  (81)    Zeitschrift    filr   Architektur   una 

(64)  Power,  New  York  City.  20c.  Ingenieurwesen,         Wiesbaden, 

(65)  Official    Proceedings,    New    York  Germany. 

Railroad  Club,  Brooklyn,  N.  Y.,         (82)   Dinglers     Polytechnisches     Jour- 
15c.  nal,   Berlin,   Germany. 

(66)  Journal  of  Gas  Lighting,  London,         (83)   Progressive  Age,  New  York  City, 

England,   15c.  15c. 

(67)  Cement    ajid    Engineering    News, 

Chicago,   111.,   25c. 

LIST  OF  ARTICLES. 
Bridge. 

The  Ferry  Bridge  across  the  Ship  Canal  at  Duluth.  Minnesota.*  C.  A.  P.  Tur- 
ner, M.  Am.   Soc.  C.   E.       (54)    Vol.   55. 

A  Few  Points  in  the  Design  of  Reinforced  Concrete  Arches.  B.  R.  Leffler, 
Assoc.  M.  Am.  Soc.  C.  E.      (54)   Vol.  55. 

A  Rational  Form  of  Stiffened  Suspension  Bridge.*  Gustav  Lindenthal,  M.  Am. 
Soc.   C.   E.      (54)    Vol.   55. 

Theory  and  Formulas  for  the  Analytical  Computation  of  a  Three-Span  Sus- 
pension Bridge  with  Braced  Cable.*  Leon  S.  Moisseiff,  Assoc.  M.  Am.  Soc. 
C.    E.      (54)    Vol.    55. 

A  New  Swing  Bridge  at  Copenhagen,  Denmark.*  H.  C.  V.  Moeller.  (54)  Vol. 
55. 

The  Reconstruction  of  the  Baltimore  and  Ohio  Railroad  Bridge  over  the 
Ohio  River,  at  Benwood,  West  Virginia.*  J.  E.  Greiner,  M.  Am.  Soc.  C.  E. 
(54)    Vol.   55. 

The  Strengthening  and  Maintenance  of  Early  Iron  Bridges.*  William  Marriott, 
M.  Inst.  C.  E.      (63)   Vol.  162. 

Some  further  Tests  of  Reinforced  Concrete  Beams ;  C,  M.  &  St.  P.  Ry.  J.  J. 
Harding.      (4)   Dec. 

Some   Notable   American    Railway   Bridges.*      James   G.   Walton.      (10)    Jan. 

The  Lower  Chords  of  the  Island  Span  of  the  Blackwell's  Island  Bridge.*  (14) 
Jan.  6. 

The   Design   of  High   Abutments.     Wm.    M.   Torrance.      (13)    Jan.    11. 

Main  Vertical  and  Inclined  Posts,  Island  Span,  Blackwell's  Island  Bridge.*  (14> 
Jan.  27. 

Substructure  of  Potomac  River  Highway  Bridge,  Washington,  D.  C*  (14) 
Jan.   27. 

Ueber  die  Berechuung  von  Schiffbriicken  mit  Gelenken.*  H.  Miiller-Breslau. 
(49)    Pts.   1-3,   1906. 

Amerikanische  Klappbriicken.*  Georg  v.  Hanffstengel.  (82)  Serial  begin- 
ning Jan.   6. 

Electrical. 

Unsolved    Problems    in    Electrical    Engineering.      Rookes    Evelyn    Bell    Crompton,. 

M.    Inst.    C.    E.       (63)    Vol.   162. 
A  Study  of  a  Single-Phase  Series  Motor.*      George  I.  Rhodes.      (7)    Dec. 
A   Note   on   the   Calculation   of  the   Armature   Reaction   of  Alternators.*      Waldo 

V.  Lyon.      (7)   Dec. 
The    Measurement    of    High    Frequency    Currents    and    Electric    Waves.       J.    A. 

Fleming.      (29)    Serial  beginning  Dec.  29. 
Electric   Mains   for   Power   Transmission   Work.      John   T.   Morris.      (Abstract  of 

Paper  read  before  the  Junior  Inst,  of  Engrs.)       (73)    Dec.   29. 

♦Illustrated. 
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Electrical—  ( Continued ) . 

Power  Plaut  Eiouomics.      Henry  G.  Stott.      (42)   Jan. 

A    Self-Exeiting    Alternator.*      E.    F.    Alexanderson.      (42)    Jan. 

Notes  on   Heavy  Electric   Switch   Gear.      J.   Whitcher.      (Abstract  of  Paper  read 

before  the   Rugby   Eng.   Soc.)       (73)    Jan.   5. 
The   "Kaiserwerke"    Electricity   Works   in   the  Tyrol.*      (73)    Jan.   5. 
Wave  Shapes   in   Three-Phase  Transformers.*      R.   C.   Clinker.      (73)    Jan.   5. 
The  Electrical  Equipment  at  Messrs.  J.  Hopkinson  &  Co.'s  Works,  Huddersfleld.* 

(26)  Jan.  5. 

Electric  Lighting  at  Buncrana,   Co.   Donegal.*      (26)    Jan.   5. 

Power  Generation  and  Distribution  on  the  System  of  the  Public  Service  Cor- 
poration of   New   Jersey.*      (17)    Serial  beginning  Jan.   6. 

Turbo  Alternator  for  Glasgow.*      (17)    Jan.   6. 

The  Marion  (Hackensack  River)  Station  of  the  Public  Service  Corporation  of 
New  Jersey.*      (27)   Jan.  6. 

The  Architecture  of  Continental   Power  Plants.*      (27)    Jan.   6. 

Exposed   Circuit  Wiring.*      Louis   J.   Auerbacher.      (27)    Jan.   6. 

District  Supply   in  Rural  Communities.*      (27)    Jan.   6. 

Central  Station  Economics  in  Massachusetts :  A  Study  of  Two  Typical  Medium- 
Sized   Companies.      (27)    Jan.    6. 

Core  Type  Transformers  for  High  Tension  Power  Transmission.*      A.  H.  Pikler. 

(27)  Jan.   6. 

North  Mountain  Power  Company's  Hydro-Electric  Plant.*  (27)  Jan.  6;  (14) 
Jan.  6. 

The  London-Glasgow  Underground  Telegraph  System.*  (26)  Serial  beginning 
Jan.  12. 

The  London-Glasgow  Telegraph  Cable.*      (73)    Jan.  12. 

Notes  on  a  Wireless  Telegraph  Station.*      C.  C.  F.  Monckton.      (73)    Jan.  12. 

Design  of  Turbo-Alternators.*      H.  S.  Meyer.      (73)   Jan.  12. 

Specifications  for  Line  Wire.  F.  F.  Fowle.  (Paper  read  before  the  Ry.  Signal 
Assoc.)       (40)    Jan.   12. 

Hydro-Electric  Installation  at  Sewalls  Falls,  N.  H.*      (18)    Jan.  13. 

The  Electrical  Distribution  System  of  the  Public  Service  Corporation  of  New- 
Jersey.*      G.   U.   G.   Holman.      (27)    Serial   beginning  Jan.   13. 

The  Marion  Power  Station  of  the  Public  Service  Corporation  of  New  Jersey.* 
(14)    Jan.    13. 

The  Post  Office  Telephone  System  :  The  "City"  Exchange.*  (26)  Serial  begin- 
ning Jan.  26. 

Electric  Power   Distribution   in   North  Wales.*      (73)    Serial   beginning  Jan.   26.. 

The  New  Post  Office  City  Telephone  Exchange.*      (73)    Jan.  26. 

A   Modern   Central-Station   Plant.*      (64)    Feb. 

Lightning  Protection.*  J.  V.  E.  Titus.  (Paper  read  before  the  Ohio  Inter- 
urban  Ry.  Assoc.)       (17)   Feb.  3. 

The  Springfield,  111.,  Light,  Heat  and  Power  Co.'s  Station  and  System.*  (27> 
Feb.  3. 

The  DeForest  Syntonic  System  of  Wireless  Telegraphy.  A.  Frederick  Collins. 
(19)    Feb.   10. 

Zur  Theorie  der  Wechselstromkreise.  Leo  Lichtenstein.  (82)  Serial  beginning 
Jan.  20. 

Ueber  Hochspannungsisolatoren.      J.  Pusch.      (80)   Jan.  30. 

Marine. 

Shipbuilding  for  the  Navy.      Lord  Brassey,  Assoc.  Inst.  C.  E.      (63)   Vol.  162. 
The    Cruiser.*     William    Hovgaard.      (Read    before    the    Soc.    of    Naval    Archts. 

and   Marine   Engrs.)       (7)    Dec. 
Submarine   Signaling.*      Henry  R.   Gilson.      (7)    Dec. 
The   Largest   Turbine    Steamship    in   the   World :    The   Car-mania   of   the   Cunard 

Line.*      Archibald   S.   Hurd.      (10)    Jan. 
A   Shipbuilding   Cableway.*      (12)    Jan.    19. 

Torsion  Indicator  Diagrams  of  Marine  Engines.*      (11)   Jan.  26. 
Le  Paquebot  a  Turbines  Carmania  de  la  Compagnie  Cunard.*     L.  Piaud.      (33) 

Jan.   16. 
Der     Transatlantische     Turbinendampfer     Carmania.*      W.     Kaemmerer.       (48> 

Jan.  6. 
Dockanlage  fiir  Torpedoboote  auf  der  Kaiserlichen  Werft  Kiel.*     Ph.  von  Klit- 

zing.      (48)    Jan.   20. 

Mechanical. 

Preliminary  Report  of  the  Committee  Appointed  on  the  6th  of  November,  1903^ 
to  Consider  and  Report  to  the  Council  on  the  Standards  of  Efficiency  of  In- 
ternal Combustion  Engines.*      (63)   Vol.  162. 

A  Portable  Apparatus  for  the  Analysis  of  Flue  Gases.  Charles  Joseph  Wilson. 
(63)   Vol.  162. 

The  Strength  of  Shafts  Subject  to  Small  Forces  Rhythmically  Applied.  Charles 
Chree,  Henry  Riall  Sankey,  M.  Inst.  C.  E.,  and  William  Ernest  Wyatt 
Millington,  Stud.  Inst.  C.  E.      (63)   Vol.  162. 

*  Illustrated. 
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Mechanical —  I  Continued). 

Advantages    and    Applications    of    the    Electric    Drive.     F.    B.    Crocker    and    M_ 

Arendt.      (6)    Nov. 
The  Oxygen  Blow-Pipe  in  Iron  and  Steel  Welding.*      (22)    Dec.   29. 
Tests  of  De  Laval  Steam  Turbine.*      Thomas  B.  Morley.      (II)   Dec.  29. 
Standard  Alloys.      John  F.  Buchanan.      (From  The  Foundry.)       (47)   Dec.  30. 
Testing  of  High-Power  Modern   Gas   Engines.*      William  H.   Spiller.      (41)    Jan. 
The  Conditions  of  Fan-Blower  Design.      Walter  B.  Snow.      (10)    Jan. 
Power  in  Tall  Office  Buildings :   Its  Cost  and  Distribution.*     Charles  H.  Benja- 
min.     (10)   Jan. 
Heat    Insulation :    Its    Principles    as    Related    to    Cold    Storage    Practice.     J.    B. 

d'Homergue.      (58)    Jan. 
A  New  Machine  for  Bending  Tests.*      E.   Probst.      (67)    Jan.  ;    (62)    Feb.   1. 
The  Action  of  Slightly  Alkaline  Waters  on  Iron.      Cecil  H.   Cribb.      (Abstract  of 

Paper  read  before  the   Soc.   of  Public  Analysts.)       (11)    Jan.   5. 
Note  on  Steam  Turbines.*      H.  Riall   Sankey,  M.  Inst.  C.  E.      (11)    Jan.  5. 
The   Oechelhauser   Gas-Engine.*      (11)    Serial    beginning   Jan.    5. 
Modern  Gas  Engine  Power  Plants.*      Franz  Koester.      (14)    Jan.   6. 
The  New  Works  of  the  Milwaukee  Gas  Light  Co.*      (13)    Jan.  11. 
The  "Ados"   COo  Recorder.*      (II)    Jan.   12. 
The   Guillery   Hardness-Testing  Apparatus.*      (II)    Jan.   12. 
Methods   of   "Changing   Speed"    in   Electric   Motor   Driving.*     E.    Kilburn   Scott. 

(22)   Jan.  12. 
Cast  Iron    (in  the  foundry).      Herbert  Pilkington.      (22)    Jan.   12. 
Fireclays    and    Moulding    Sands.      Percy     Longmuir.      (Paper    read    before    the- 

British  Foundrymen's  Assoc.)       (22)    Jan.   12. 
A  New  Machine  for  Bending  Tests.      (14)    Jan.   13. 
Vertical  Retorts   for  the   Production   of   Illuminating  Gas.*      W.   R.   Herring,   M. 

Inst.   C.   E.      (66)    Jan.    16. 
Shear  Stress   and   Permanent  Angular   Strain    (in  turning  tools).*      W.   C.   Pop- 

plewell,  A.  M.  Inst.  C.  E.      (12)    Jan.   19. 
A   Rational    Method   of   Cooling   Gas   Engine    Cylinders.*      S.    M.    Howell.      (46)^ 

Jan.  20. 
Power  Required  to  Thread,  Twist  and  Split  Wrought  Iron  and  Mild  Steel  Pipe.* 

T.    N.    Thomson.      (Abstract   of    Paper   read    before   the   Amer.    Soc.    of   Heat. 

and  Vent.  Engrs.)       (20)   Jan.  25  ;    (70)    Jan.  ;    (24)    Jan.   29. 
Some  Notes  on  Modern  German  Rolling  Mills.*      (22)    Serial  beginning  Jan.  26. 
Superheated    Steam.*     Michael    Longridge,    M.    Inst.    C.    E.      (Lecture    delivered' 

at  the  Bradford  Tech.  School.)      (47)    Serial  beginning  Jan.   27. 
Smoke  Abatement :  A  Report  on  the  London  Smoke  Abatement  Conference  :  De- 
cember  13-15,    1905.      John  B.   C.   Kershaw.      (10)    Feb. 
Trials  of  Suction  Gas-Producer  Plants.      (64)   Feb. 

Applications  of  Pneumatic  Power  in  the  Machine  Shop.      R.  Emerson.      (9)   Feb. 
High  Power  Gas  Engine  Electric  Plants.*      Frank  C.   Perkins.      (41)    Feb. 
Nickel    Steel    and    Its   Application    to    Boiler    Construction.     G.    B.    Waterhouse. 

(20)   Feb.  8. 
The    Helicoptere:     Santos-Dumont's    Latest    Flying    Machine.*     L.     Ramakers. 

(46)    Feb.   10. 
Dampfturbinen   mit   Geschwindigkeitsstufen   und   mlt  Druckstufen.     Fritz   Krull. 

(S3)    Dec.   29. 
Die  Edison-Portlandzement-Fabrik  in  Newvillage,  New  Jersey,  V.  St.  A.*      (80> 

Dec.  30. 
Die  Bildung  von  Rissen  in  Kesselblechen.*      C.  Bach.      (48)    Jan.  6. 
Die  Autogene  Schweissung  der  Metalle.      E.  Wiss.      (48)   Jan.  13. 
Schwimmender  Kohlenspeicher  fiir  12000  t.*      W.  Kaemmerer.      (48)   Jan.  27. 

Metallurgical. 

The  Effect  of  Variations  in  the  Speed  of  Crushing  Machinery  upon  the  Pro- 
duction of  Undersized  Material.      H.  W.  Gartrell.      (6)   Nov. 

Steel  Castings  and  the  Constitution  of  Steel.*  Percy  Longmuir.  (From  Iron 
Trade  Review.)       (22)    Dec.   29. 

Determination  of  Carbon  in  Steel  by  Direct  Ignition  with  Red  Lead.  Charles 
Morris  Johnson.      (58)    Jan. 

Die  Herstellung  von  Eisen  und  Stahl  auf  Elektrischem  Wege.*  Albert  Neu- 
burger.      (52)    Serial   beginning   Nov.    15. 

Die  Brikettierung  der  Eisenerze  und  die  Priifung  der  Erzziegel.  H.  Wedding. 
(50)    Serial  beginning  Jan.   1. 

Einiges  aus  der  Metallographischen  Praxis.*  E.  Heyn.  (Paper  read  before 
The  Deutscher  Verband  fiir  die  Materialpriifungen  der  Technik.)  (50) 
Jan.   1. 

Ueber  den  Gegenwartigen  Stand  der  Gichtgasreinigung.  Meyjes.  (Paper  read 
before   the    Siidwestdeutsch-Luxemburgische    Eisenhiitte.)      (50)    Jan.    1. 

Mining:. 

A  Hydraulic-Pneumatic  Mine  Door  Opener.*     L.  L.  Logan.      (45)    Dec.  29. 
Some  Electric  Installations  in  European  Mines.*      Emile  Guarini.      (45)   Dec.  29. 

*  Illustrated. 
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Mining— (Continued). 

A   Concrete  Breaker.*      (45)    Jan. 

Fuel  Economy  at  Bituminous  Coal  Mines  in  Pennsylvania.  C.  E.  Watts.  (58) 
Jan. 

Shaft  Sinking  in  Quicksand.*      Geo.  C.   McFarlane.      (16)    Jan.  20. 

Track  Construction  in  Mines.  Leo  Gluck.  (Abstract  of  Paper  read  before 
the   Illinois   Soc.   of   Engrs.   and   Surveyors.)       (13)    Jan.   25. 

The  Manufacture,  Application  and  Distribution  of  Electric  Cables  for  Col- 
lieries.* George  G.  L.  Preece.  (Paper  read  before  the  Nat.  Assoc,  of 
Colliery  Mgrs.)       (22)    Jan.  26. 

Tailing  Disposal  by  Gold  Dredges.*      J.  P.  Hutchins.      (16)    Feb.  3. 

Allscellaneous. 

The  Estimation  of  Costs.  A.  W.  Farnsworth.  (From  Paper  read  before  the 
Coventry  Eng.  Soc.)       (14)    Feb.  3. 

Municipal. 

County  Road  Construction  :  A  Topical  Discussion.      (58)    Jan. 
Municipal  Ownership    (electric  lighting  plant).      L.  A.  Redman.      (83)    Feb.   1. 
The   Construction   of   Pavements   in   Chicago.      J.   A.    Moore.      (From   Paper   read 
before  the  111.   Soc.  of  Engrs.  and  Survs.)       (14)    Feb.  3. 

Railroad. 

Round-House  Framing.*      R.  D.  Coombs,  Assoc.  M.  Am.  Soc.  C.  E.      (54)   Vol.  55. 
The    Single-Phase    Railway    System.      Charles    F.    Scott.      (Paper    prepared    for 

Amer.  St.  Ry.  Assoc.)       (47)    Dec.  30. 
The  Simplon  Tunnel.      (41)    Jan;    (45)    Jan. 
Contractors'    Locomotives.*      J.   F.   Gairns.      (10)    Jan. 
High-Speed  Electric  Railroads.      Henry  G.  Morris.      (2)    Jan. 
Throwing  Devices  for  Tongue  Switches.*      T.  A.  Gerlach.      (72)    Jan. 
Extension  and  Improvements  of  the  Chicago  &  Milwaukee  Electric  Railroad  Co.* 

(72)   Jan. 
The  New  Shops  of  the  Portland  Railroad  Co.      (72)    Jan. 

Three-Cylinder    Balanced    Compound    "Atlantic    Engines ;"    Great    Central    Rail- 
way.*     (21)   Jan. 
Reconstruction    of    Haydon    Square    Goods    Depot,    London    and    North-Western 

Railway.*      Chas.    S.    Lake.      (21)    Jan. 
Coach  Painting  in  India.      J.  Wilson  Hall.      (21)    Jan. 
Electrification   of  the   Paris-Orleans    Suburban   Line.*      (11)    Jan.    5. 
20,000  Volt  Single-Phase  Locomotive  for  Sweden.*      (73)   Jan.  5. 
Six-Coupled     Engines     on     the     Glasgow     and     South- Western    Railway.*      (12) 

Jan.   5. 
The  New   Hoboken  Freight  Terminal  of  the   Lackawanna  R.   R.*      (14)    Jan.    6. 
Concrete  Retaining  Walls  at  the  New  York  Central  Terminal,  New  York.      (14) 

Jan.  6. 
Sedalia   Shops,  Missouri   Pacific  Ry.*      (18)    Jan.   6. 
Walschaert  Valve  Gear.      (18)    Jan.  6. 
The    Use    of    Alternating    Current    for    Heavy    Railway    Service.      B.    G.    Lamme. 

(17)   Jan.  6. 
A  Hospital  Car  for  the  Southern  Pacific  Ry.      (13)    Jan.   11. 
Official   Test  of   7,500   H.   P.    Steam   Engine   for  the   Interborough  Rapid  Transit 

Co.,  New  York  City.*      (13)   Jan.  11. 
Ten-Wheel    Locomotive    fcr   Passenger   or   Freight    Service,    New   York   Central.* 

(40)    Jan.   12. 
Distribution  of   Steam   Production   in   a   Locomotive   Boiler.      (Tr.   fr.   La  Revue 

Generale.)      (40)    Jan.  12. 
Some  of  the  Essentials  in  Locomotive  Boiler  Design.*      D.  Van  Alstyne.      (Paper 

read  before  the  Northwest  Ry.  Club.)       (40)    Jan.   12. 
Electrical    Equipment    for    the    Sarnia    Tunnel,    Grand    Trunk    Railway.*      (18) 

Jan.  13;    (17)    Jan.  20. 
Controversy  Over  Continuous  Current  and   Single-Phase  Systems.      (18)    Jan.  13. 
The  Brunot's  Island  Power  House  of  the  Pittsburg  Railways  Co.      (18)    Jan.  13. 
The  Toledo,  Port  Clinton  &  Lakeside  Electric  Ry.*      (18)    Jan.   13. 
Single-Phase  Electric  Traction  Equipment  of  the  St.  Clair  Tunnel,  Grand  Trunk 

Ry.*      (13)    Jan.   18. 
Heavy  Eight-Wheeled  Passenger  Locomotive   for  the  Central  R.  R.   of  New  Jer- 
sey.*     (15)   Jan.  19;    (18)    Jan.   13;    (39)   Feb. 
Single-Phase  Electric  Locomotives  and  Power  Equipment  of  the  St.  Clair  Tunnel 

Company.*      (15)   Jan.  19;    (27)   Jan.  20;    (72)   Jan. 
The  East  Altoona  Freight  Terminal  of  the  Pennsylvania  Railroad.*      (40)    Jan. 

19. 
The  St.  Clair  Tunnel   Electrification.      (40)    Jan.   19. 
The  Sauvage  Safety  Brake.*      (40)    Jan.   19;    (18)    Jan.   20. 
New    Compound    Locomotive    on    the    Great    Central    Railway.      Charles    Rous- 

Marten.      (12)    Jan.   19. 

•Illustrated. 
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Railroad— (Continued). 

Brakes.*     A.    L.    C.    Fell.      (Paper   read    before    the   Tramways    and   Light   Rys. 

Assoc.)       (73)    Serial   beginning  Jan.   19. 
Extensions   and   Improvements  on  the  Chicago   &  Milwaukee  Electric  Railroad.* 

(17)    Jan.    20. 
Improvements  at  the  Grand  Central  Terminal,  N.  Y.  C.  &  H.  R.  R.  R.*      (18) 

Jan.  20. 
Mackenzie  &   Holland's   Improved   Sykes   Block   Signal.   East   Bengal    State   Rail- 
ways.    G.    K.    Rogers.      (Paper    read    before    the    Ry.    Signal    Assoc.)      (18) 

Jan.    20. 
The  Electric  Locomotives  for  the  St.  Clair  Tunnel.*      (14)    Jan.   20. 
Standard  Plate  Girders  on  the  Chicago,  Milwaukee  &  St.  Paul  Ry.      (14)   Jan.  20. 
New  Compound  Locomotives  for  the  Great  Central  Railway.*      (47)    Jan.  20. 
Electrification  of  the  New  York  Central  Terminal  in  and  near  New  York  City.* 

(40)    Jan.   26. 
Heavy  Concrete  Retaining  Walls.   Illinois  Central  R.  R.*    (14)    Jan.  27. 
Construction  of  Indigo  Tunnel.  "Western  Maryland  R.  R.*      (14)    Jan.  27. 
Tjocomotives    for    Experiment.    Pennsylvania    Railroad.*      (39)    Feb.  ;     (25)    Feb. 
Vaughan-IIorsey  Superheater:   Canadian  Pacific  Railway.*      (25)    Feb. 
East  Altoona  Freight  Locomotive  Terminal :  Pennsylvania  Railroad.*      (25)    Se- 
rial beginning  Feb. 
10-Wheel    Freight    and    Passenger    Locomotive :    New    York    Central    &    Hudson 

River  Railroad.*      (25)    Feb. 
Simple    10-Wheel    Locomotive    with    Young    Valve    Gear :    Delaware    &    Hudson 

Company.*      (25)    Feb. 
Balanced  Compound  Ten- Wheel  Locomotive:  N.,  C.  &  St.  L.  R.  R.*      (25)   Feb.; 

(40)    Feb.  2. 
The  Work  of  Superposing  Three  Lines  of  the  Metropolitan  Railway  of  Paris,   at 

the  Place  de  I'Opera.     R.  Bonnin.      (13)    Feb.   1. 
Specifications   for   Steel   Rails.      (Report  of  the   Special   Committee  of  the  Amer. 

Soc.   of  Civ.   Engrs.)       (20)    Feb.    1:    (13)    Jan.   25. 
The   New  Westinghouse   Engine   and   Tender   Brake   Equipment.*      F.    H.    Parke. 

(40)   Feb.  2. 
New  Union   Station   for  Toledo.*      (17)    Feb.   3. 
New    Shops    of    the    Oakland    Traction    Consolidated    and    Key    Route    Systems.* 

(17)   Feb.   3. 
New  Locomotive  and  Car  Shops  of  the  Louisville  &  Nashville  Ry.*      (13)   Feb.  8. 
The  Pennsylvania  Station  in  New  York.*      (15)   Feb.  9. 
Note  sur   I'TJsinage  des  Roues  de   Voitures   et  Wagons   aux  Ateliers  de  la   Com- 

pagnie  de  I'Est  a  Romilly-sur-Seine    (Aube).*      M.   Vendeville.      (38)    Jan. 
Die    Anlagen    der    Illinois-Zentral-Eipenbahn    in    Chikago.      Dr.    Ing.    Blum    and 

E.    Giese.      (49)    Pts.    1-3,    1906. 
Schnellzuglokomotive  fiir  die  Bahn   Malmo-Ystad.*      A.  Doeppner.      (48)    Jan.   6. 
Die    Weltausstellung    in    Liittich,    1905 :    Das    Eisenbahnwesen.    mit    Besonderer 

Berucksichtigung     der     Lokomotiven.     M.     Richter.      (82)      Serial     beginning 

Jan.   6. 
Einige    Bemerkungen    iiber    den    Oberbau    Amerikanischer    Bahnen.*      E.  "Giese. 

(48)   Jan.  20. 
T^ntersuchungen    iiber    die    Zugkraft    von    Lokomotiven.     Rudolf    Sanzin.      (48) 

Jan.   27. 

Railroad,  Street. 

The  Singapore  Electric  Tramways.*      (26)    Dec.  29. 

Signal  System  of  the  Underground  Electric  Railways  Co.  of  London.*  (72) 
Jan. 

Reconstruction  Work  of  the  Madison  &  Interurban  Traction  Co.*      (72)   Jan. 

Report  of  the  Oflicial  Test  of  the  Double  Cross-Compound  Engines  in  the  Fifty- 
Ninth  Street  Power  Station  of  the  Interborough  Rapid  Transit  Company  of 
New  York.*      (17)    Jan.   6. 

The  Tramway   Svstem  of  Falkirk.    Scotland.*      (17)    Jan.   6. 

The  "G.   B."   Surface  Contact   System   at  Lincoln.*      (26)    Jan.    12. 

Lincoln    Corporation   Tramways.*      (73)    Jan.    12. 

The  Official  Test  of  the  Engines  of  the  Subway  Power  Station,  New  York.  (14) 
Jan.   13. 

Car  House  Sprinklers  at  Albany.*      (17)    Jan.   13. 

The  Belfast  Tramways  Undertaking.*      (26)    Jan.   19. 

Washington  Street  Subway  in   Boston.*      (15)    Jan.  26. 

Repair  Shop  Practices  of  the  Montreal  Street  Railway.*      (17)   Jan.   27. 

Electric  Tramways  in  Singapore.*      (17)    Jan.  27. 

Electric  Traction  by  Alternating  Currents.      Louis  Bell.      (9)    Feb. 

Official  Test  of  Engines,  59th  Street  Power  Station,  Interborough  Rapid  Transit 
Co.*      (64)    Feb. 

Projected  Subwav  Lines  in  Greater  New  York :  Nineteen  Routes  Planned  to 
Complete  Present  Svstem.      S.  D.  V.  Burr.      (20)    Feb.   1. 

The  New  Car  Repair  Shops  at  Fort  Smith,  Ark.*      (17)   Feb.  3. 

The  Belfast  Tramways.*      (17)    Feb.   3. 

*  Illustrated. 
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Railroad,  Street— (Continued). 

The  Track  System   of  the  Philadelphia  Subway.*      (14)    Feb.   3. 
Tlie   Loudon   Tramway    Subway.*      (IS)    Feb.   9. 

Sanitary. 

The   Walworth   Sewer,   Cleveland,    Ohio.*.    Walter   Camp   Parmley,   M.   Am.    Sec. 

0.  E.      (54)    Vol.   5.5. 
Some   Specialties   of   the    System   for   Flushing  the   New   Sewers   of   the   City   of 

Mexico.*      Roberto  Gayol,  M.  Am.  Soc.  C.  E.      (54)    Vol.  55. 
The    Scientific    Disposal    of    City    Sewage:    Historical    Development    and    Present 

Status  of  the  Problem.      C.  B.  A.  Winslow.      (7)    Dec. 
Breakage    in    Sewer    Conduits :    Its    Cause,    Effect    and    Prevention.      Alexander 

Potter.      (1)    Dec. 
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By  a.  G.  MeiXOcal,  M.  Am.  Soc.  C.  E.* 
To  BE  Presented  April  4th,  1906. 


The  most  difficult  engineering  problem  involved  in  the  con- 
struction of  a  canal  at  Panama  is  the  control  of  River  Chagres.  It 
enters  as  an  important  factor  in  the  design  of  either  a  lock  or  a  sea- 
level  canal,  and  the  divergence  of  opinions,  among  engineers  called 
upon  to  decide  as  to  the  type  of  canal  best  adapted  to  meet  the 
physical  conditions  prevailing  in  the  Isthmus,  can  be  traced  to  the 
difficulties  connected  with  that  river,  both  as  regards  the  control 
of  the  floods,  in  all  types  of  canal,  and  the  provisions  for  an  ample 
water  supply  for  operating  it  during  the  dry  season,  in  the  case  of 
a  canal  with  locks. 

It  is  evident  that  a  lock  canal  is  the  most  economical  type,  both 
in  cost  and  time  of  construction,  and  that  the  sea-level  proposition 
is  born  either  of  sentiment  or  of  a  belief  that  by  its  adoption  the 
difficulties  connected  with  the  river  can  best  be  overcome.  It  is 
well  known  that  a  sea-level  canal  pertaining  to  the  nature  of  a 
strait  is  not  possible  at  Panama.  The  tidal  fluctuation  of  20  ft. 
at  the  Pacific  terminus  while  the  Atlantic  end  is  practically  tide- 

NoTB. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
finally  closed,  the  papers,  with  discussion  In  full,  will  be  published  in  Transactions. 
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less,  makes  imperative  the  introduction  of  a  tide  lock  at  Panama, 
by  which  ships  can  be  locked  up  or  down,  into  or  from  the  canal, 
depending  on  the  stage  of  the  sea  level  at  the  time  of  taking  or 
leaving  the  waterway.  That  tidal  lock  will  limit  the  number  of 
vessels  passing  through  the  canal  just  as  much  as  a  series  of  locks 
in  a  lock  canal.  Some  time  will  be  spent  in  passing  each  additional 
lock  introduced,  and  this  should  not  exceed  30  minutes  at  each 
lockage,  so  that  the  additional  time  consumed  in  passing  through 
a  canal  with  six  locks  would  not  be  more  than  3  hours;  an  in- 
significant delay  for  a  ship  which  has  saved  thousands  of  miles 
by  taking  the  canal  route. 

Considering,  therefore,  the  cost  and  time  saved  in  constructing 
a  lock  canal,  as  compared  with  one  at  sea  level,  as  well  as  the 
elimination  of  the  uncertainties  and  engineering  difficulties  con- 
nected with  the  latter,  it  seems  that  the  former  type  should  be 
adopted,  provided  the  River  Chagres  can  be  effectually  controlled, 
an  ample  water  supply  provided,  and  difficult  engineering  problems 
avoided. 

The  object  of  this  paper  is  to  submit  for  discussion  by  the 
Society  a  modification  of  the  canal  route  recommended  by  the 
Isthmian  Canal  Commission  of  1899-1901  for  a  lock  canal,  by 
which  the  River  Chagres  may  be  kept  under  absolute  control,  its 
channel  being  left  free  to  carry  off  the  floods,  an  abundant  supply 
of  water  close  at  hand  secured  for  the  operations  of  the  canal,  all 
doubtful  problems  eliminated,  without  increasing  the  cost  estimated 
by  the  Commission,  and  with  a  saving  of  time  in  the  execution 
of  the  work.  The  change  in  location  recommended  begins  at  Kilo- 
meter 46,  just  south  of  where  the  present  location  meets  the  Chagres 
River.  On  a  prolongation  of  the  tangent  ending  at  this  point  it 
crosses  the  River  Chagres  in  the  vicinity  of  Gamboa,  and  thence, 
upon  the  line  located  by  the  United  States  Surveying  Expedition 
of  1875,  the  canal  is  kept  north  of  the  river,  meeting  the  present 
location  again  at  Kilometer  9  and  coinciding  with  it  to  the  Harbor 
of  Colon.     (Plate  I.) 

The  crossing  of  the  Chagres  is  proposed  to  be  accomplished  by 
means  of  a  combined  dam,  viaduct,  and  controlling  works.  The  dam 
impounds  the  river  at  a  maximum  elevation  of  111  ft.  above  mean 
sea  level  and  a  minimum  of  106  ft.  at  the  end  of  the  dry  season. 
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The  canal  crosses  the  river  in  a  viaduct,  which  is  also  part  of  the 
dam,  with  a  summit  elevation  of  96  ft.,  the  bottom  width  being  150 
ft.,  and  the  depth  of  water  35  ft.  As  the  minimum  elevation  of 
the  lake  formed  by  the  dam  is  estimated  to  be  at  no  time  lower  than 
106,  the  canal  can  be  supplied  with  the  water  needed  for  its  opera- 
tion by  short  pipes  passing  through  the  dam  and  discharging  under 
the  water  surface.  The  water  supply  is  thus  kept  under  perfect 
control,  to  be  drawn  as  needed,  and  the  canal  can  be  maintained 
at  a  uniform  level. 

The  river  controlling  works  consist  of  seven  compartments  or 
gate-wells  (see  Plates  III  and  IV)  and  twenty-one  10-ft.  metal- 
lined  sluices  passing  through  the  structure.  These  sluices  are  pro- 
vided with  gates,  three  in  each  compartment,  operated  from  the 
upper  platform,  by  which  the  river  flow  can  be  completely  shut  off, 
which  may  be  desirable  in  the  dry  season  when  the  river  flow  may, 
at  times,  be  less  than  that  required  for  operating  the  canal;  or  the 
gates  may  be  partially  or  entirely  opened  to  allow  the  free  passage 
of  floods.  With  the  water  in  the  lake  at  an  elevation  of  111  and 
the  lower  river  in  flood,  30  ft.  above  low  water  at  the  viaduct,  the 
twenty-one  sluices,  under  such  extreme  conditions,  will  be  capable 
of  passing  78  000  cu.  ft.  per  sec,  which  is  far  in  excess  of  any 
known  flood  discharge  at  Gamboa.  Gate-wells  are  provided  with 
sill  walls  rising  10  ft.  above  low  water  in  the  river,  intended  to 
arrest  any  heavy  silt  or  stones  rolling  on  the  river  bottom.  Above 
.the  sill  walls,  the  intakes  are  provided  with  grooves  for  the  insertion 
of  movable  gates,  which  can  be  lowered  into  place  or  taken  up  by 
derricks  in  the  upper  platform.  With  these  gates  the  intakes  can 
be  closed  and  the  water  drained  from  a  well  for  examination  or 
repair  when  needed. 

The  intakes  are  protected  by  heavy  iron  gratings  with  openings 
2  ft.  square  to  intercept  snags,  or  other  floating  debris  brought  down 
by  floods,  which  might  obstruct  the  sluices  or  impede  the  operation 
of  the  gates.  The  water  for  operating  the  canal  is  taken  from 
below  the  surface  of  the  lake,  after  passing  through  the  grating, 
and  should  be  practically  free  from  floating  debris.  It  is  dis- 
charged into  the  canal  below  the  surface,  so  as  to  cause  the  least 
disturbance,  or  it  may  be  made  to  discharge  through  conduits  under 
the  bottom  of  the  canal.    The  upper  platform,  formed  by  the  dams 
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and  intake  walls,  32  ft.  wide,  can  be  roofed  for  the  protection  of  the 
.u^ate-operating  nuu-hinciv  and  the  eini)l()y('c's  manipulating  it.  The 
control  of  the  floods  and  of  the  water  supply  can  thus  be  concen- 
trated in  one  structure. 

The  combined  structure,  of  reinforced  concrete,  232  ft.  wide 
and  resting  on  hard  rock,  with  an  elevation  of  only  118  ft.  above 
the  foundations,  possesses  superabundance  of  strength  and  all  the 
conditions  of  stability  and  durability  essential  in  a  work  of  this 
kind.  It  is  believed  that  it  solves  effectually  the  difficult  problems 
connected  with  the  Chagres  River,  and  removes  the  risks  and  un- 
certainties involved  in  the  construction  and  permanency  of  dams 
designed  to  rest  on  doubtful  foundations.  It  simplifies  the  building 
of  the  canal,  reducing  it  to  a  comparatively  ordinary  engineering 
work  of  construction,  admitting  of  an  estimate  of  the  cost  and 
time  of  execution  not  to  be  upset  by  river  floods.  • 

The  rock  surface  under  the  proposed  structure  has  been  plotted 
from  data  obtained  recently  by  numerous  borings  made  by  the 
engineers  of  the  Isthmian  Canal  Commission  in  the  vicinity  of 
Gamboa  whil^  exploring  for  the  location  of  a  high  dam. 

The  line  proposed  from  Kilometer  9  to  Kilometer  46  of  the 
present  canal  location  was  surveyed  by  the  United  States  Govern- 
inent's  Surveying  Expedition  of  1875  under  the  direction  of  the 
writer  as  Chief  Engineer.  It  is,  however,  but  a  trial  location  which 
a  limited  appropriation  did  not  permit  to  be  surveyed  in  detail. 
A  final  location,  after  careful  development  of  the  topography,  will, 
doubtless,  bring  about  important  improvements  tending  to  reduce 
the  excavation  and  the  amount  of  curvature.  It  is  perfectly 
practical  as  now  laid  down,  is  about  a  mile  shorter  than  the  present 
canal  location  between  Kilometers  9  and  46,  and  involves  no  engi- 
neering difficulties  of  execution. 

With  good  rock  foundations  and  a  wide  cross-section  of  the 
river  at  the  point  of  crossing,  the  viaduct-dam  can  be  constructed 
with  the  use  of  coffer-dams  in  that  portion  of  the  work  resting  on 
foundations  below  water  level.  The  summit  level  of  the  canal  has 
been  placed  at  Elevation  96,  not  imposed  by  the  conditions  of  the 
problem,  but  because  that  is  believed  to  be  the  most  economical 
elevation.  It  is  evident  that,  by  lowering  the  sluices,  either  by 
reducing  their  diameter,  increasing  their  number,  if  necessary,  or 
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by  giving  them  the  shape  of  inverted  siplions,  the  canal  upper 
level  can  be  lowered  several  feet,  but  such  modification  is  not 
regarded  favorably.  It  would  reduce  somewhat  the  lift  of  the 
upper  locks,  which,  as  herein  suggested,  is  moderate,  but  at  an 
unwarranted  additional  cost  of  excavation. 

An  alternative  plan,  which  has  received  consideration,  consists 
in  bringing  the  canal  into  the  lake  created  by  the  dam  and  then 
crossing  the  river  through  the  lake  instead  of  the  viaduct.  By 
such  a  change  of  plan,  the  proposed  works  would  be  reduced  to  the 
dam  and  controlling  works,  and  the  cost  thereby  considerably 
diminished.  The  writer  is  of  the  opinion  that  such  a  modification 
of  the  scheme  is  not  desirable.  The  saving  in  the  cost  of  the 
structure  would  probably  be  more  than  offset  by  an  increase  in 
excavation;  and  cross-currents  in  the  lake,  fluctuations  of  level  in 
the  canal,  and  floating  objects  brought  down  by  river  floods  would 
be  serious  obstacles  to  navigation,  from  which  the  viaduct  plan 
is  entirely  free. 

Without  a  contour  map  of  the  river  basin  above  Gamboa,  the 
writer  is  unable  to  ascertain  the  superficial  area  of  the  lake  created 
by  the  dam.  With  a  surface  elevation  of  111  ft.  at  the  dam,  the 
Itike  would  extend  to  beyond  Alhajuela,  where  the  low-water  level 
will  be  raised  about  8  ft.  Considering  the  broad  expansions  of  the 
river  basin  and  the  re-entering  valleys  of  its  tributaries,  it  is 
contended  that  the  lake  will  have  an  area  large  enough  to  receive 
the  greatest  floods,  without  violent  fluctuations  of  level,  while  the 
whole  flow  is  being  carried  off  by  the  sluices,  and  will  have  ample 
storage  capacity  for  an  abundant  water  supply  for  operating  the 
canal  in  the  dry  season  within  the  range  of  Elevations  106  and 
111.  No  reservoir  is  needed  for  the  storage  of  floods,  and  the 
precise  elevations  within  which  the  water  supply  can  be  assured  is 
a  matter  of  detail  which  does  not  alter  the  essential  features  of  the 
proposed  scheme. 

Pending  a  resurvey  of  the  new  location  proposed  between  Kilo- 
meters 9  and  46  (which  will  doubtless  result  in  material  improve- 
ment in  alignment  and  elevation),  and  the  borings  necessary  for  a 
classification  of  the  material  to  be  removed,  it  is  not  possible  to 
obtain  a  close  estimate  of  cost  of  the  modified  plans. 

However,    taking    for    comparison    the    estimated    cost    of    the 
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Isthmian  Canal  Commission's  plan  for  a  lock  canal  with  a  fluctu- 
ating summit  level  between  a  maximum  of  92.5  ft.  and  a  minimum 
of  82  ft.  above  mean  sea  level,  it  is  possible  to  arrive  at  the  con- 
clusion that  the  cost  of  the  modified  plan  proposed  will  not  exceed 
the  estimate  of  the  Commission,  and  may  fall  considerably  below 
it.  In  any  case,  it  is  claimed  that  if  the  time  of  construction  can 
be  lessened,  and  the  permanency  of  the  canal  at  a  reduced  cost  of 
maintenance  can  be  assured,  this  would  be  worth  several  millions. 

The  works  of  the  Chagres  crossing  are  estimated  to  cost 
$5  275  000.  Upon  the  new  route  proposed  about  52  000  000  cu.  yd. 
will  have  to  be  removed  from  the  Harbor  of  Colon  to  Kilometer  46, 
of  which  10  000  000  cu.  yd.  are  contained  in  the  sea-level  section 
from  the  Harbor  to  Kilometer  9,  where  it  joins  the  new  line.  The 
latter  quantity  is  probably  material  which  can  be  dredged,  the 
other  42  000  000  cu.  yd.  being  dry  soil  with  some  rock  in  the  high 
ridges  crossed. 

To  offset  the  cost  of  these  works,  the  following  amounts  are 
taken  from  the  estimate  of  the  Commission  for  work  between  Colon 
and  Kilometer  45,  which  would  be  eliminated  by  the  adoption  of  the 
modified  plan. 

Harbor  of  Colon  to  Bohio  Locks,  including 

levees    $11  099  839 

Lake  Bohio  2  952  154 

Obispo  Gates 295  434 

Bohio  Dam 6  369  640 

Gigante  Spillway 2  448  076 

Pena  Blanca  Outlet 1  999  982 

Diversion  of  the  Panama  Railroad 1  267  500 

Total $26  432  625 

In  addition  to  this  total,  there  would  also  be  a  saving  of  14  ft. 
depth  in  the  Culebra  Cut,  by  raising  the  bottom  of  the  canal  from 
Elevation  47  to  Elevation  61,  which  may  be  estimated  to  contain 
about  20  000  000  cu.  yd.  The  item,  $11  567  275,  in  the  Commission's 
estimate  for  the  two  high-lift  locks  at  Bohio  will  probably  balance 
the  cost  of  the  three  locks  of  about  the  same  aggregate  lift  proposed 
on  the  new  route  now  suggested. 
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As  the  basin  of  the  Chagres  below  Gamboa  is  not  to  be  flooded 
by  the  creation  of  a  lake,  the  diversion  of  the  Panama  Railroad 
becomes  unnecessary.  The  road  can  cross  the  canal  by  draw- 
bridges, or  under  it  by  short  tunnels  where  necessary,  and,  eventually 
it  can  be  built  on  the  berm  of  the  canal  if  so  desired. 
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1.  Introduction.- — General  flexure  is  to  be  understood  in  this 
paper  to  include  all  cases  of  stress  in  a  right  section  in  wliich  there  is 
normal  stress  (tension  or  compression)  in  any  part  of  the  section. 
Accordingly,  it  includes  (1)  pure  flexure;  (2)  combined  flexure,  and 
tension  or  compression;  and  (3)  pure  tension  or  pure  compression. 
These  three  are  merely  particular  cases  in  which  the  neutral  axis  is 
at  a  zero,  an  intermediate,  or  an  infinite,  distance,  respectively,  from 
the  center  of  gravity  of  the  stressed  section. 

The  correlative  to  general  flexure  would  be  general  torsion,  the 
latter  covering  all  cases  in  which  tangential  stress  (shear)  is  in- 
volved, just  as  the  former  covers  the  whole  ground  of  normal  stress. 
Together,  they  would  include  all  cases  of  stress.  Each  may  be  looked 
upon  as  the  result  of  resistance  to  rotary  deformation,  the  axis  of 
rotation  being,  in  the  former  case,  in  the  plane  of  the  stressed  sec- 
tion, in  the  latter,  normal  to  that  plane. 


Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedinga.  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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The  term  analysis  is  to  be  understood  to  mean  the  study  of  the 
distribution  of  stress  over  the  stressed  section. 

The  word  complete  is  used  in  the  title  in  contradistinction  to 
the  partial  analysis  to  which  almost  all  writers  of  English  and 
American  textbooks  limit  themselves.  The  familiar  analysis  of 
flexure,  as  will  be  recalled,  does  not  make  it  clear  that  the  neutral 
axis  will  be  normal  to  the  plane  of  the  loads  only  when  the  plane  of 
the  loads  is  a  plane  of  symmetry  of  the  section,  or,  more  generally 
speaking,  includes  a  principal  axis  of  inertia  of  the  section.  To  be 
sure,  this  condition  does  obtain  in  most  cases  in  practice,  but  by 
no  means  in  all,  and  errors  have  crept  into  some  of  our  best  books 
on  structural  design  from  a  failure  to  realize  the  limitations  of  the 
familiar  analysis.  Occasional  writers  devote  a  moment's  attention 
to  what  they  call  unsymmetrical  bending,  but,  as  far  as  the  writer 
has  observed,  they  always  use  the  complicated  method  of  the  prin- 
cipal axes  and  moments  of  inertia.  Accordingly,  this  paper  is  pre- 
sented, not  only  on  account  of  the  scientific  importance  of  the  sub- 
ject, but  also  in  the  hope  that  it  may  be  of  use  to  practitioners  in 
actual  design.  The  topic  treated  in  this  paper  has,  in  recent  years,, 
been  given  much  attention  by  various  German  writers,  particularly 
Professors  Miiller-Breslau,  Mohr,  and  R.  Land,  to  whose  work  the 
writer  renders  most  appreciative  acknowledgment  for  indispensable 
aid  in  his  studies.  Some  years  ago  the  writer  published  a  paper* 
on  the  subject,  adhering  for  the  most  part  to  the  German  methods 
of  deduction.  But  he  has  since  devised  methods  which,  it  is  be- 
lieved, will  be  found  iuuch  more  natural,  and  they  are  offered  herein 
with  the  conviction  that  some  of  the  most  serious  complications, 
and  perhaps  all  the  avoidable  ones,  have  been  eliminated. 

The  important  equation  numbered  1  appeared  independently, 
and  as  a  result  of  different  forms  of  deduction,  in  the  third  edition 
of  Miiller-Breslau's  GraphiscTie  Statih  dcr  Baukonstruhtionen,  and 
in  the  writer's  paper  just  cited.  It  appears  herein  deduced  in  still 
a  third  way.  Plate  V  and  Equations  11,  15,  16,  and  18  are  believed 
to  have  never  been  published  before.  What  is  called  herein  the 
/S'- polygon  (perhaps  the  most  useful  of  the  results)  is  a  modification 
of  Land's  "F-Elache." 

Sections  2  to  8  include  all  that  is  essential  for  a  working  knowl- 

*  Journal  of  the  Association  of  Engineering  Societies,  May,  1902. 
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edge  of  the  subject.     Sections  9  to  11  contain  tributary  matter  of  a 
relatively  academic  nature. 

2.  Statement  of  the  Problem. — The  problem  to  be  solved  may  be- 
stated  in  precise  terms  as  follows : 

Given:  A  straight  bar  of  unifoi*m  section  subject  to  loads- 
in  any  plane  which  includes  the  longitudinal  axis  of  the 
body.* 

Required:  I.  The  intensity  of  the  normal  stress  at  any 
point  of  a  given  right  section; 

II.  The  extreme  values  of  the  normal  stress  intensity 
(called  commonly  extreme  fiber  stresses)  in  the  given  section  j. 

III.  Quick  practical  means  for  computing  these  extreme 
fiber  stresses  in  all  cases; 

IV.  Similar  means,  if  possible,  for  indicating  which  of 
the  familiar  rolled-steel  sections  is  to  be  selected  to  resist  any 
case  of  general  flexure  in  order  to  keep  the  extreme  fiber 
stresses  within  prescribed  limits. 

The  satisfaction  of  the  first  requirement  will  clear  the  way  for 
the  others.  The  latter,  though,  mathematically,  corollaries  to  the  firsts 
are  to  the  practitioner  of  paramount  importance. 

It  is  to  be  understood  that  the  section  of  the  body  may  or  may  not 
have  an  axis  of  symmetry,  and  that  the  forces  are  not  too  great  to 
permit  the  usual  assumption  of  linear  distribution  of  stress.  Ex- 
treme cases  of  irregularity  of  cross-section,  which  would  interfere- 
with  the  applicability  of  this  assumption,  might,  perhaps,  be 
imagined,  but  no  section  likely  to  be  used  in  practice  is  believed  to 
be  of  this  sort. 

3.  Outline  of  Method  of  Procedure. — The  external  forces  on  the 
whole  bar  being  in  equilibrium,  the  force  transmitted  past  the  given 
section  of  the  bar  is  the  resultant,  R,  of  all  the  forces  on  one  side  of 
the  section — an  equal,  opposite  and  coincident  resultant  coming,  of 
course,  from  the  other  side  and  together  producing  at  the  same  time 
equilibrium  of  the  body,  and  stress  at  the  section. 

*  This  limitation  of  the  location  of  the  loads  eliminates  torsion— a  stress  which 
would  not  affect  the  problem,  should  it  exist— and  thus  helps  to  fix  ideas  at  the  outset. 

If  the  given  forces  should  not  be  in  a  plane,  as  just  limited,  general  flexure  would 
be  due  only  to  their  components  in  sucii  a  plane,  and  only  such  components  would 
enter  the  problem.  The  above  statement  of  the  data,  therefore,  is  actually  general 
in  spite  of  appearances  to  the  contrary. 
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Suppose  (Fig.  1)  the  point  where  B  intersects  the  plane  of  the 
section  be  called  K,  distant  q  from  the  center  of  gravity,  G,  of  the 
section.  B  may  be  resolved  into  two  components  at  K,  one  normal 
to  the  section,  the  other  tangential  and  passing  through  G.  Only 
the  former  affects  the  problem;  and  it  alone,  under  the  designation, 
N,  will  henceforth  be  considered. 

Statically  speaking,  the  problem  is  to  resolve  N  into  an  infinite 
number  of  non-co-planar  parallel  forces.  Pure  statics  being  unequal 
tc  the  task,  the  necessary  aid  is  found  in  the  principle  of  linear  dis- 
tribution of  stress,  a  principle  now  universally  accepted  as  valid  for 
moderately  loaded  beams   of  wood   and  metal.     Stating  this  prin- 


(a) 


SECTION  ON  A-B 
(b) 


Fig.  1. 


-ciple  and  the  conditions  of  equilibrium  in  algebraic  language,  there 
result  four  siinultaneous  equations,  the  solution  of  which  yields  the 
required  quantity,  stated  in  terms  of  the  given  quantities.  This 
solution  once  obtained,  it  will  receive  further  study,  with  a  view  to 
:£acilitating  its  application. 

J^. — Algebraic  Statement  of  the  Conditions. — Let  the  beam  have 
any  section,  as  that  of  Fig  1(&),  referred  to  any  convenient  pair  of 
rectangular  axes,  G  X  and  G  Y,  the  origin,  G,  being  the  center  of 
gravity  of  the  section.  Let  f  be  the  required  stress-intensity  at  m, 
-any  infinitesimal  ijortion  of  the  section,  distant  x  and  y  from  G  Y 
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and  G  X,  respectively.  The  point,  K,  the  co-ordinates  of  which  will 
be  called  .Tj.,  ?/j.,  being,  as  above  stated,  the  intersection  of  B,  with  tlie 
section,  and  distant  q  from  G,  call  A  the  inclination  of  G  K  to  G  X .- 
Let  n.  n  be  the  locus  of  points  where  f  is  zero  (that  is,  the  neutral 
axis)  inclined  to  G  X  hy  the  angle,  o.  G  C/  is  a  line  drawn 
through  O  parallel  to  nn.  The  distance  between  n  n  and  G  C/'will  be 
called  Vg. 

The  algebraic  statement  of  the  principle  of  linear  distribution 
may  conveniently  be  written 

/=/;  — -^^', 

in  which  /^  is  the  constant  value  of  /  at  all  points  of  G  U,  and  r  is 
the  distance  of  m  from  G  JJ.  The  lengths,  v  and  i\^,  are  -\-  or  — 
according  as  they  are  measured  from  G  U  toward  or  away  from  K. 

Accordingly,    t^   and  ^-^  are    placed    in    the    equation    with    opposite 

signs,  and  +  is  selected  for  the  former.  Then,  as  will  be  seen  from 
Equation  8,  a  positive  result  for  f  will  indicate  that  the  stress  at  m 
is  of  the  same  sign  as  if  N  were  applied  at  G,  and  vice  versa.  Re- 
ferring m  to  G  X  and  G  Y,  by  substituting  y  cos.  ^^  — ■  •''  sin.  a  for 
V,  the  equation  becomes 

y  =  /o  —  *  "  (//  COS.  a  —  X  sin.  a) (1) 

0 

Here,  /^,  y^,  and  a  are  unknowns,  and  three  more  equations  are 
required  for  their  evaluation.  The  conditions  of  equilibrium  are 
now  brought  into  use. 

Expressing  the  infinitesimal  area,  m,  aa  d  x  d  y,  an  unbalanced 
single  force  will  be  precluded  under  the  conditions  if 

JJfdxay=N (2) 

and,  similarly,  an  unbalanced  couple  will  be  precluded  if 

JJxfdxdy  =  Nx^ (3) 

and 

J  J  yf  dxdy  ^  N'lj^ (4) 

With  these  three  equations  the  unknowns  can  be  eliminated  from 
Equation  1,  and  the  expression  for  f  will  be  left  in  proper  shape  for 
discussion  and  use. 
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5.  Deduction  of  the  Desired  Equations. — Substituting*  the  value 
of  f  from  Equation  1  in  eacli  of  the  Equations  2,  3  and  4,  and  noting 
Ihat 

J  J  dxdy  =  A,  the  area  of  the  section, 

f  J  X  dxdy  =  0,  since  6r  3^  is  a  gravity  axis, 

j  J  y  dxdy  =  0,  since  6r X  is  a  gravity  axis, 

j  j  y^  dxdy  ::^  Z^f,  the  moment  of  inertia  of  the  section  referred 

to  GX, 
f  C  x^  dxdy  =  Iy-\.  tlie  moment  of  inertia  of  the  section  referred 
to  G  r. 
f  f  xy  dxdy  =  /fi  the  product  of  inertia  of  the  section  referred 
to  GXand  G  Y. 

*  This  substitution  being  a  highly  important  step,  the  algebraic  reduction  is  stated 

as  follows : 

Equation  2,  with/„    — •'"  (y  cos.  a  ~  x  sin.  a)  substituted  for/,  becomes 

r  r  .j/o  _  '^"  (y  COS.  a-x  sin.  a)\dxdy  =  N, 

that  is, 

fo  r  fdxdy--^  COS.  a  f  fydxdy+^%m.a  ^  ^xdxdy^N. 

Inserting  values  of  the  integrals  stated  above,  this  becomes 

-whence  Equation  5. 

Equation  3,  upon  substitution  of /o  —  ^°  (y  cos.  a  —  x  sin.  a)  for/,  becomes 

r  r  j/o  —  -"  (y  COS.  a  —  x  sin.  a)\  x  dx  dy  =  N  x^, 

that  is, 

fo  f  Cxdxdy--  COS.  a  r  Cxydxdy+^^sia.  a  ^^ j^x'^dxdy  =  Nx^. 
Inserting  the  stated  values  of  the  integrals  as  before,  this  becomes 

fo  J  cos.  a     foly    _ 

1-  sm.  a  =  N  X,, 

"""  fo 

—  —  (J  con.  a  —  ly  sin.  a)  =  NXk; 

Vo  " 

whence 

f  N  Xlr 

—  --  — which  is  part  of  Equation  6. 

Vg      J  cos.  a  —  2y  sin.  a 

Similarly,  by  substitviting  Equation  1  in  Equation  4  it  falls  out  that 
.fo_  ^Vk         _ 

~  I'o  ""    ^x  COS.  a  —  J  sin.  a' 

•which  completes  Equation  6. 

t  Computation  of  I:k,  hj,  and  /.-The  computation  of  Jx,  and  ly  involves  in  practice, 
.only  the  application  of  the  familiar,  F  =  lo  +  A  h\    For  all  the  structural  shapes,  the 


Zj.  —  .7  tan. 

A              1 

J  —  I  tan. 

A 

Z,  cot.  A  — 

■J       < 

J  cot.  A  — 

^.       ( 

Zj  COS.  X  — 

•  J  sin.  A 
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it  will  appear  that 

f  ^   ^ (5) 

(showing  that  the  unit  stress  at  the  center  of  gravity  is  always  the 
same  as  it  would  be  if  N  were  applied  there),  and  that 

fo  _  N^ic ^ih  .6) 

V        Jcos.  a  — /„  sin.  a       Z,  cos.  a  —  Zsin.  a 

y 
Solving  Equation  6  yields,  noting  that  ';-  =  tan.  A. 

•''t 

T    —  J  ta  1 
tan.  a  = 

J  —  1^  tan.  A  I 

T  cot.  A  —  Z  I 

(') 

J  COS.  A  —  ly  sin.  A  / 
Ihe  various  forms  of  the  second  member  being  convenient  in  special 
■cases.  The  first  two  are  usually  the  simplest  to  use,  but  either  may 
become  indeterminate  on  the  substitution  of  special  values  of  A. 
If  one  of  these  fails  in  this  way,  the  other  or  the  third  can  be  used. 
Substituting  Equations  5  and  6  in  Equation  1,  there  results 

^  _  -^    I    -Z^^tX^— ^tan^ 

-^  -  ^  +  "T7"-Z,tan.  a       ^^> 

or 

JV        ^Vkiy  —  ^  tan.  a) 
•^  ^  X  "^      Z^  —  J  tanT^        (^) 

Equations  8  and  9,  if  written  in  terms  of  g,  will  express /as  the  result 
•of  combining  two  quantities  which  represent,  respectively,  the  con- 
tributions to  /  from  a  force,  J\^,  at  G,  and  the  couple,  JSTq,  that  is, 
from  a  force   and  couple  into  which  any  K  at  K  can  be  resolved. 

/.r  and  ly  are  given  outright  by  the  handbooks.  J  is  not  so  familiar  a  quantity  and  is 
not  mentioned  by  the  handbooks,  yet  its  computation  in  practical  cases  is  very  easy. 
From  the  nature  of  its  deflnitiou, 

J  —    C  r  X  y  d  X  d  y, 

it  is  evident  that,  for  a  pair  of  axes,  one  of  which  is  an  axis  of  symmetry  of  the  section, 
J  =  0.  It  is  also  zero  for  the  principal  axes  of  inertia.  In  all  ordinary  cases  it  can  be 
computed  by  the  aid  of  the  simple  transformation  formula,  exactly  analoarous  to  /'  = 
Io  +  A  /l^ 

J'  =  Jo  -\-  A  k  h, 

in  which  J  is  the  J  of  the  section  referred  to  any  rectangular  co-ordinates,  OX  and  O  F, 
fc  and  h  are  co  ordinates  of  the  center  of  gravity,  (?,  of  the  section  ;  Jo  is  the  J^ referred 
to  axes  parallel  to  O^and  O  F,  with  origin  at  G.  Numerical  illustrations  of  the  compu- 
tation of  J  will  be  found  in  Sections  5  and  U.  J  will  be  positive  or  negative  according  as 
the  prep  mderance  of  the  section  is  in  the  first  and  third,  or  second  and  fourth  quad- 
rants 

Ix,  ly.  and  J  are  all  quantities  of  the  fourth  degree,  and  are  expressed  in  biquadratic 
inches  or  biquadratic  centimeters,  etc. 
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Noting  that  .f^.  and  v/^  are  q  cos;.  A  and  q  sin.  A,  respectively,  Equations'- 
8  and  9  become,  accordingly. 

N       N q  (y —  X  tan.  ex')  cos.  A 

•^         A^  J  —  Iy  tan.  a  ^    ^ 

and 

N       Nqjii^j-icxu.  a)  sin.  A 

-^"J.^"  /^  — J  tan.  a  ^    ^' 

Indeterminations  in  all  these  equations  can  be  evaluated  by  the 
aid  of  trigonometric  transformations  such  as  were  used  in  stating 
the  second,  member  of  Equation  7,  or  by  selecting  betvpeen  Equa- 
tions 8  and  9,  or  between  Equations  8'  and  9'. 

The  value  of  f  is  now  stated  in  the  way  most  convenient  for  the 
conmion  practical  problem,  which  is  to  find  the  maximum  value  of 
f.  that  is,  the  value  of  f  for  the  m  most  remote  from  n  n.  This  par- 
ticular m  will  be  the  m  most  remote  from  G  U  on  the  same  side  of 
G  U  3.5  K,  as  will  be  shown  in  Section  9.  The  routine  in  the  solu- 
tion of  this  problem  will  consist  of: 

(a)  The  solution  of  Equation  7; 

(&)  The  identification  of  the  most  remote  m,  by  sketching  or 
drawing  G  U — a  line  through  G  the  slope  of  which  is  tan.  t^- 

(c)  The  substitution  of  the  tan.  a  and  :r^  y  for  this  m  in  Equa- 
tions 8  or  9. 

Parts  I  and  II  of  the  requirements  of  the  problem  are  now  ac- 
complished. A  numerical  example  will  be  worked  out  by  way  of 
illustration,  and  then  attention  will  be  directed  to  a  study  of  the 
equations  just  obtained,  with  a  view  to  meeting  requirements  III 
and  IV  of  the  problem  (Section  2), 

It  will  be  worth  while,  in  passing,  to  combine  Equation  7  with 
Equations  8  or  9,  and  with  Equations  8'  or  9',  and  record  expres- 
sions for  f  in  terms  of  known  quantities,  exclusively.  They  are 
found  to  be: 

N       N  (y^  Ty  -  x,  J)  y  +  N  (x,  J,  -  y,  J)  x 

^-   A-^  I.Iy-J'  ^    '^ 

or 

i^  (7^  sin.  A  —  .7  cos.  A)  y  +  (I^  cos.  A  —  .7  sin.  A)  x 

Numerical  Example. — Problem. — A  single  4  by  3  by  |-in.  angle, 
as  a  member  of  a  framework,  is  attached  at  each  end  to  a  i-in.  gusset 
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by  a  line  of  rivets  of  2^-in.  gauge,  through  the  4-in.  leg  only.  Sup- 
pose the  direct  stress  is  a  thrust,  P,  acting  in  the  line  of  the  rivets 
and  at  mid-thickness*  of  the  gusset.  Wliat  is  the  maximum  com- 
pressive unit  stress  in  the  angle? 

Solution. — The  solution  consists  of  mere  substitution  in  Equa- 
tions 7  and  8  or  9,  the  determination  of  J  offering  the  only  unusual 
difficiilty. 

Showing  the  data  in  a  sketch  (Fig.  2)  in  which  the  section  is 
referred  to  the  most  convenient  axes,  the  section  is  divided  into  two 


Fig.  2 


rectangles,  whose  centers  of  gravity  are  at    ( —  1.09,  — 0.72)    and 

(0.91,  0.59),  and  whose  areas  are  3  X  I  =  1-125  and  Sf  X  §  = 

1.359,  respectively.     Then,  hj  J'  =  J ^  -\-  A  h  h,  of  the  foot-note, 

p.  72,  noting  that  J^  of  both  rectangles  is  zero, 

7=  1.125  X  —  1.09  X  —  0.72  +  1.359  X  0.91  X  0.59  =  1.61  in.* 

The  Carnegie  book  gives  7^  =  1.92  in.*,  I^  =  3.96  in.*,  ^  =2.48  in. 

1  0.3 
Then,  by  Equation  7,  noting  that  tan.  A  =  ^^-^  =  1.062, 


tan.  a  = 


1.92  —  1.61  X  1.062 


0.21 


1.61  —  3.96  X  1.062 


2.60 


=  —  0.081. 


*  This  problem  is  solved  upon  other  assumptions  as  to  the  point  of  application  of  th& 
thrust,  at  the  close  of  Section  9. 
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G  U,  accordiugh^  is  in  the  second  and  fourth  quadrants,  and  the 
extreme  fibers  of  the  angle  will  be  the  most  remote  corners  in  the 
tirst  and  third  quadrants,  with  m^  as  the  fiber  subject  to  maximum 
compressive  stress.  The  co-ordinates  of  m^  are  (2.72,  0.78),  and 
observing  that  i/^,  =  1.03,  substitution  in  Equation  9  yields 

-^  1.03  (o.78  —  2.72  X  —  0.081^ 

^•48  ^  1.92  —  1.61  X  —  0.081 

=  0.40  iV+  0.50  J\^  =  0.90  J\^,  the  required  answer. 

That  is,  the  effect  of  the  eccentricity  is  to  make  the  extreme  stress 
more  than  double  the  average.  If  the  direct  stress,  Nj  is  10  000  lb., 
fmax.  will  be  9  000  lb.  per  sq.  in.  Equation  8,  of  course,  would  give 
the  same  result. 

If  the  strut  is  so  long  as  to  deflect  materially,  the  section  at  the 
point  of  maximum  sidewise  deflection  will  have  a  longer  q  and  a  dif- 
ferent A  from  that  in  the  preceding  solution.  For  such  a  case  the 
method  would  be  precisely  as  above,  after  the  change  in  direction 
and  length  oi  G  K  had  been  estimated — a  process  outside  the  scope 
of  this  paper. 

6.  Special  Forms  of  Expressions  for  "f." — In  pure  normal  stress, 

when  q  and  x^  and  ?/j.,  all  vanish.  Equations  8,  9,  and  10  reduce  to 

N 
f=^ (10a) 

as  they  should. 

In  pure   flexure,  ^=0,    q    =   a,   and   JVg  is  the  value   of   the 

bending  couple  commonly  written  M.     In  this  case  Equations  8,  9  and 

10,  take  the  forms 

M(y  —  X  tan.  a)  cos.  A  ^^  ^ 

/  =  -r — f--: — (8a) 

-'  J  —  J^  tan  n-.  ^     ^ 

_  M{y  —  X  tan.  a)  sin.  A 
•^-  X,  — J-tan.  a  ^"^^^ 

j^  jly  gi^-  ^  —  J  ^'O^-  ^)  y  +  (4  COS-  A  —.7  sin.  A)  x^ 

Vy  —  -^^ 

Then,  if  A  ^  90°,  and  a  =  0°,  as  it  will  if  /  is  zero,  these  equa- 
tions all  reduce  to  the  familiar  but  highly  special 

/=4^  (IOC) 
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The  very  common  applicability  of  this  equation  arises  from  the 
fact  that  the  rectangular  l)eanis  and  beams  with  I,  Ci  or  T-sections 
are  naturally  refeiTed  to  rectangular  axes  for  whi(;h  J  is  zero,  and  are 
loaded  in  a  plane  containing  one  of  these  axes. 

Numerical  Examples. — 1. — A  5  by  'S^  by  |^-in.  Z-har  acts  as  a 
purlin  on  a  roof  having  a  slope  of  30°,  its  top  flange  projecting 
toward  the  ridge.  It  supports  vertical  loads  which  cause  a  maxi- 
mum flexure  of  M  inch-pounds.   Required,  the  extreme  fiber  stresses. 

Solution. — Showing   data,  and    taking   axes  as  in  Fig.  3,  I_  and 


Fig.  3. 


ij,are  given  by  steel  handbooks  as  19.19  in.^  and  9.05  in."*,  and  J,  com- 
puted in  a  manner  similar  to  that  of  the  angle  iron  of  the  preceding 
section,  is  found  to  be  2(2.75  X  0.5  X  2.25  X  1-625)  =  +  10.05  in.* 
By  Equation  7,  tan.  A  being  tan.  60°  =  1.732, 
19.19  —  10.05  X  1.732 


tan.  a  = 


=  —  0.317 


10.05  —    9.05  X  1.732 
The  extreme  fibers  are  located  accordingly  at  m^  and  m^  the  co-ordi- 
nates of  which  are  ±  3.0  and  ±  2.5.     Using  the  values  for  m,,  and 
substituting  in  Equation  9a. 

(2.5—3.0  X  —  0.317)  X  0.866  ^ 
19.19  —  10.05  X  —  0.317 


f 


0.134  3f  Ib.per  sq.  in. 
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The /for  mg  would  differ  from  this  only  in  sign,  and  i  0.134  3£  is  the 
required  answer. 

3. — Suppose  the  Z-bar  of  the  preceding  case  replaced  by  a  6  by 
12-in.  rectangle  with  the  12-in.  side  normal  to  the  roof  slope.  Find 
the  fiber  stresses. 

Solution. — Taking  G  JT  parallel  to  the  short  side,  J"  is  zero,  and  I^ 

and  ly  are  864  and  216  in.*,  respectively.     Hence,  by  Equation  7, 

f  864  ,  .-,, 

tan.  a  = =  — 2.31 

—  216  X  1.732 

The  extreme  fibers  are  ±  3.0  and  ±  6.0.     Inserting  in  Equation  Da 

(6  —  3  X  —  2.31)  X  0.866  ,^  ,,  ^,.,  .^  „  .       ,, 

f  =  ±  ^ — I M  =  ±  0.013  M  lb.  per  sq.  m.,  the 

864 

required  answer. 

7.  The  S -polygon  of  a  Section. — As  has  been  observed,  any  case 
of  flexure  may  be  treated  as  a  combination  of  direct  normal  stress 
and  pure  flexure,  either  of  which  may,  of  course,  be  zero.  The 
treatment  of  the  pure  flexure  is  the  only  part  offering  much  difficulty. 
The  diificulty  with  pure  flexure  is  specially  great  when  the  extreme 
value  of  f  is  to  be  determined,  and  the  proper  values  of  x  and  y, 
substituted  in  Equation  10b,  have  to  be  computed  in  advance.  The 
diminution  of  the  difficulty  in  this  most  important  practical  prob- 
lem is  the  next  field  of  inquiry. 

Inspection  of  Equations  8a,  9a  and  10b  reveals  that  the  f  for 
any  m  may  be  obtained  by  dividing  ilf  by  a  quantity  in  which,  for  a 
given  Xy  the  only  variables  are  the  co-ordinates  of  m.  This  quan- 
tity, in  its  most  general  form,  is,  from  Equation  10b 

T    T   r2 

s  = ="  y (11) 

(jj  ly  —  X  J)  sin.  A  -|-  {x  I^  —  y  J)  cos.  X 
a  quantity  which  might  be  called  the  flexure  modulus  of  the  section 
for  the  point,  x,  y,  or,  more  briefly,  the  section  modulus  for  x,  y. 
Special  values  of  it  for  extreme  positions  of  m  and  for  special  values 
of  A,  are  what  are  given  in  the  steel  manufacturers'  handbooks  in 
the  case  of  I-beams,  channels  and  tees  as  the  section  moduli  of  the 
shapes  concerned.  In  this  paper  it  will  be  referred  to  simply  as  8, 
occasionally  with  a  special  suifix. 

^S  is  a  quotient  obtained  by  dividing  a  quantity  of  the  eighth  de- 
gree by  one  of  the  fifth.     It  is,  therefore,  of  the  third  degree.     It  may 
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be  looked  upon  as  the  statical  moment  of  an  area.*  Thus,  only  can 
M  divided  by  S  yield  a  stress-intensity.  In  the  special  case  in  which 
A  =  90°,  and  J  is  zero,  jS  takes  the  familiar  form 

S^  =^- (12) 

y 

lieturning  to  the  examination  of  Equation  11,  it  at  once  appears 
that,  for  a  fixed  m  and  varying  A ,  that  equation  is  the  polar  equation 
of  a  straight  line,  that  is,  a  line  the  radius  vector  of  vphich,  at  any 
inclination,  A,  would  be  proportional  to  the  8  for  that  A.  That  is, 
the  iS-line,  if  it  may  be  so  called,  is  the  simplest  possible  graphical 
exliibit  for  the  values  of  8  for  any  one  m  for  all  values  of  ^.  This 
at  once  suggests  the  determination  of  the  /S-lines  for  all  points  of 
the  section  which  might  be  extreme  fibers  of  the  section.  As  will 
be  seen  in  what  follows,  these  /S^-lines  will  define  a  surface  which 
may  be  called  the  /S^-polygon  of  the  section.  With  the  ^-polygon 
given,  merely  drawing  a  line  through  G  with  the  inclination.  A, 
defines  two  radii  vectores,  /S"  and  8",  measured  from  G  toward  and 
away  from  K,  respectively.  *S"  and  8"  being  measured  to  the  proper 
scale,  the  most  important  values  of  f  in  the  most  difficult  case  can 
be  had  by  mere  substitution  in 

N      No      N       M 

fn^N^^<l^N_M 

'         A^  S"       A      S"  ^  ^ 

which  are  perfectly  general  expressions  for  the  extreme  values  of  f. 

Of  course,  in  pure  flexure,  N  vanishes,  and  they  become 

M 
f'  =  -^ 0^>') 

M 
f"  =  §, (14') 

8. — Construction  of  the  S-polygon.—Hetemng  Equation  13  to  rect- 
angular co-ordinates  by  substituting  .rand  y  for  S  cos.  A,  and  S  sin.  A, 
respectively,  we  have 

y^    ^ml.  —  ymJ   ^_     Ixly  —  J' (15) 

^m'f   —  Vm  ^y  ^m  ^ —  Vm  ^y 

a  line  which  is  parallel  to  the  neutral  axis  (Equation  17  in  Section 
9)  for  a  JK"  at  a;,  y,  on  the  same  side  of  G  with  K  (that  is,  on  the  op- 
posite side  of  G  from  n  n),  and,  if  the  same  units  be  selected  to  rep- 

*  The  units  in  which  it  is  expressed  may  be  called  inch  square-inches,  following  the 
analogy  with  inch-pounds.    Inch  square-inches  will  be  abbreviated  to  inches^  or  in.^ 
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resent  third-degree  units  as  to  represent  simple  length,  A  times  as  far 
from  G  as  n  n  is. 

Of  course,  the  values  of  x  and  y,  for  all  points  on  the  perimeter 
of  the  given  section  could  be  substituted  for  (x^  and  y^)  in  Equation  15, 

the  corresponding  lines  plotted,  and  the  space  within  all  these  lines 
taken  as  the  AS-polygon.  This  might  have  to  be  resorted  to  for  parts 
of  the  section  bounded  by  curved  lines,  but  it  can  be  done  raore 
easily  in  the  case  of  the  familiar  rolled  steel  shapes.  In  these  cases 
the  extreme  m's  will  all  lie  upon  a  small  number  of  straight  lines 
which  bound,  but  do  not,  even  if  produced,  cross  the  section.  These 
lines  will  constitute  what  may  be  called  the  circumscribing  polygon. 
The  >S'-polygon  will  have  a  side  corresponding  to  each  apex  of  the 
circumscribing  polygon.  These  sides  will  be  /S^-lines,  intersecting 
and  forming  apices  of  the  <S-polygon  whenever  X  has  such  a  value  as 
will  cause  two  adjacent  apices  of  the  circumscribing  polygon  to  be 
extreme  fibers  at  the  same  time.  This  will  happen,  of  course,  when- 
ever the  neutral  axis  is  parallel  to  the  side  of  the  circumscribing 
polygon. 

Locating  and  connecting  the  apices  will  usually  be  tlie  most  con- 
venient way  of  constructing  the  S-polygon.  The  co-ordinates  of  an 
apex  of  the  ^S-polygon  can  be  determined  by  substituting  the  co- 
ordinates (x^,  iig)  and  (.¥^,  y^)  of  two  successive  apices,  A  and  jB,  of 
the  circumscribing  jjolygon  in  Equation  15,  and  solving  the  two  re- 
sulting equations  for  the  co-ordinates  of  the  intersection  of  the 
resulting  S-lines.  Performing  this  operation  will  yield  for  the  co-ordi- 
nates [Xg^,  y^j^)  of  the  apex  of  the  (S-polgyon  corresponding  to  the 
side  A  B, 

y   _i^a-^,)i.-iya-y,)J  (  ^   ^ 

If,  as  very  commonly  happens,  the  side  of  the  circumscribing 
polygon  is  parallel  to  an  axis  of  reference,  these  expressions  become 
materially  simplified.  If,  for  instance,  it  is  parallel  to  the  X-axis,  y^ 
=  2/^5  ^^^^  Equation  16  becomes 

_lf '!«■> 

""  ~   Va 
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If  tho  liiu'  is  panilli'l  to  the  I'-axis,  .c^  =  ,c^,  and  Etiuation  Hi  Ix- 
comes 

•  ab  „ 

y  y (1*^') 

The  actual  yS^-polj'gon,  as  a  fixed  geometrical  property  of  a  sec- 
tion, and  one  which  can  be  constructed  with  great  ease  any  time  (see 
numerical  examples  below)  for  the  simpler  sections,  and  can  be  con- 
structed once  for  all  and  kept  on  file  for  the  more  difficult  sections, 
is  presented  as  a  satisfaction  of  the  requirements  of  III  and  IV  of 
Section  2. 

The  actual  methods  of  computation  and  use  of  the  ;Si-polygon 
will  be  illustrated  in  the  following  numerical  examples. 

Numerical  Examples. — Required  the  /S-polygon  for  each  of  the 
four  following  sections,  viz. : 

(a)  6  by  12-in.  rectangle; 

(&)  8-in.  18-lb.  I-beam; 

(c)  10-in.  20-lb.  channel; 

(d)  5  by  ^-in.  Z  -bar. 

Solution. — The  natural  axes  of  reference  for  all  these  shapes  are 
the  gravity  axes  parallel  to  the  principal  dimensions,  and  shown  in 
Figs.  4,  5,  6,  and  7.  In  each  of  the  first  three  sections  at  least  one  of 
the  axes  is  an  axis  of  symmetry  and  J  will  be  zero,  and,  conse- 
quently, the  simple  Equations  16'  and  16"  will  suffice.  For  the  Z-bar, 
however.  Equation  16,  in  its  general  form,  will  be  needed.  The 
sides  and  apices  of  the  /S-polygons  will  be  designated  with  the 
lower-case  letters  of  the  corresponding  apices  and  sides  of  the  cir- 
cumscribing polygon. 

The  four  shapes  will  now  be  taken  up  in  order. 

(a) — The  given  6  by  12-in.  rectangle  is  shown  as  A  B  C  D  in 
Fig.  4. 

h  d^       6  X  12  X  12  X  12 


12  12 


864  in. 


h^d       6X6X6X12       -,,,..    i 

I  =  — ^  =  =  21()  ni.  ; 

^         12  12 

J  =  0. 
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It  will  suffice   to  compute  the  co-ordinates  of  the  apices,  a  b  and  b  c; 
symmetry  will  locate  the  other  two,  c  d  and  a  d. 

The  co-ordinates  of  A,B,  and  Care  (—  3,  6),  (3,  6)  and  (3,  —  6). 
These  are  the  (:r^,  ?/^),  (.r^,  ?/,J,  etc.,  of  Equations  16,  16',  and  16". 

J      0 


By  Equation  16',  .t.„,  =       =       =  0;  y^, 

J  a 
By  Equation  16",  .r,^  ^  A=  ?1^  =  72  in.^;  y^^  „ 


144  in.^ 
=  0. 


Fig.  4.  Fiu.  5. 

The  four  apices  are,  accordingly,  (0,  ±  144)  and  (±  72,  0),  and 
are  plotted  in  Fig.  4  to  an  arbitrarily  selected  scale. 

Remarks. — The  sides  of  this  /S'-polygon  are  parallel  to  the  di- 
agonals of  the  rectangle,  and  an  ^S-polygon,  therefore,  could  be  con- 
structed by  merely  connecting  the  middle  points  of  adjacent  sides  of 
the  rectangle.  Such  a  polygon  is  shown  dotted  in  Fig.  4.  The 
scalo   of   this   iS'-polygon   is   readily   determined   by   computing   the 

rumerical  value,   —  ,  of  its  vertical  semi-diagonal. 
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The  apices  are  seen  to  be  on  the  axes  at  distances  from  G  which 
represent  the  familiar  section  moduli  in  the  planes  of  the  axes 
along  which  they  are  laid  off.  Consequently,  in  dealing  with  rect- 
angles in  general,  or  similar  simple  sections,  no  formal  use  of 
Equations  16'  and  16"  is  necessary.  The  section  moduli  once  known, 
they  are  laid  off  to  convenient  scale  along  the  proper  axes,  and  the 
apices  thus  determined  are  connected.  This  would  apply  to  any 
section  referred  to  rectangular  gravity  axes  for  which  J  is  zero. 
This  method  will  be  exemplified  in  the  next  two  cases. 

(6) — For  the  8  in.,  18-lb.  I-beam,  the  steel  handbooks  give  the 
section  modulus  for  the  axis,  G  X,  as  14.2  in.^  The  other  is  found 
by  dividing  the  ly  by  half  the  flange  width — both  given  by  the  hand- 

books,  that  is,  "  =  1.89  in.^  Laying  off  the  14.2  upward  and  down- 
ward from  G,  and  the  1.89  to  the  right  and  left  of  G,  the  iS-polygon 
of  Fig.  5  is  established. 

(c) — For  the  10-in.,  20-lb.  channel,  the  two  section  moduli,  15.7 
and  1.34  in.^,  given  by  the  handbooks  must  be  supplemented  by  a 

third  one,  since  G  F  is  not  an  axis  of  symmetry.     This  third  one  is 

ly  divided  by  the  distance  from  G  to  the  back  of  the  channel.     Using 

2  85  , 

the  handl)ook  data,  this  is  found  to  be  — -  =  4.67   in.'^      Laving   off 
'  0.61  '     " 

15.7  upward  and  downward  from  G,  1.34  from  G  along  G  X  and  in 
the  same  direction  as  the  projecting  flanges,  and  4.67  along  G  X 
in  the  opposite  direction,  the  *S-polygon  of  Fig.  6  is  located. 

(d) — For  the  5  by  ^-in.  Z-bar,  the  handbooks  furnish  I^  = 
19.19  in."*,  /,,  =  9.05  in.^,  and,  in  Section  7,  J  was  found  to  be 
10.05  in.4  J  will  be  positive  for  the  section  as  drawn  in  Fig.  7. 
The  three  apices,  a  h,  h  c,  and  c  d,  will  be  located  by  computation, 
and  the  other  three,  d  e,  e  f,  fa,  will  follow  by  symmetry.  The  co- 
ordinates of  A,  B,  C,  and  D  are  (—  0.25,  2.50),  (3.0,  2.50),  (3.0, 
2.0),  and  (0.25,  —  2.50) 
By  Equation  16'. 

10.05        ,  ,,„  .    3  19.19        ^  ^.^  .    3 

,■     —  —  4  0^  in         V      =  - ^  7  68  m  ^ 

''''~   2.50   ~  '     ■'«*         2.50 

By  Equation  16", 

9.05         ,,  .^,  .     3                   10.05        .^  .3.  .     3 
-    —  —  .!.02  in.'*;     ?/,^,.  =  — =  3.3o  nir. 


3.0 
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By  Equation  16, 

^  (3.0 -0.2.)10.05- (2.0 -2.5)9.05  ^  ^^3 
3.0  X  —  2.5  —  0.25  X  2.0 
(3.0  — 0.25)19.19— (2.0  — 2.5)10.05 


3.0  X  —  2.5  —  0.25  X  2.0 

y\ 


0.94  in.^ 


Fig.  6.  Fig.  7. 

These  and  the  same  with  signs  reversed  establish  the  desired  S- 
polygon  plotted  in  Fig.  7.     Similarly,  any  section  can  be  treated. 

9.  Examples  of  the  Use  of  the  8-Polygon. — The  following  nu- 
merical examples  will  illustrate  some  of  the  uses  of  the  ^'-polygon. 

Problem  1. — Find  the  extreme  fiber-stress  in  each  of  the  four 
sections  of  Figs.  4  to  7,  assuming  each  to  be  acting  as  a  purlin  upon 
a  roof  inclined  30°  to  the  horizon  and  set  with  its  G  X-axis  parallel 
to  the  roof  slope.     Assume  a  flexure  of  M,  in  pounds,  in  a  vertical 
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plane,  and  assume  tliat  each  purlin  is  set  so  as  to  make  B  the  highest 
corner. 

Solution.— Draw  a  line  with  a  slope,  A  =  (90°  —  30°)  =  60°^ 
(representing  the  trace  of  the  plane  of  loads)  through  G  in  each 
/S-polygon  of  Figs.  4  to  7,  and  scale  off  the  distance,  G  H,  along  this 
line  to  the  /S-polygon  perimeter,  taking  the  shorter  of  the  two  lengths 
when  there  is  a  difference.  The  results  for  the  four  sections  are  as 
dimensioned  77,  3.07,  2.33,  and  7.49  in.^,  respectively.  The  results,. 
accordingly,  are  by  Equation  13,  iV  being  zero : 

For  the  rectangle: 

/,»a..  =  ±  Yf    =  ±  0.018  M  lb.  por  s(i.  in. 
For  the  8-in.,  18-lh.  I-beam: 

f         =  -H  -^L-  =  ±  0.325  M  -'    "     "    " 

J  max.  -  3.07 

For  the  10. -in.,  20-lb.  channel: 

f         =,+    ^'^_  =  -L  0.428  M  "     "     '^    " 

Jmax-  '     O  QQ 

For  the  5  by  ^^-in. Z-bar: 

/•         =  +    -—  =  ±  0.1.34  M '    " 

J  max.  —  j_^g  a:    "      J 

Here  are  verified  the  results  of  the  numerical  example  of  Sec- 
tion 6.  Incidentally,  note  the  great  economy  (for  such  a  load)  of 
the  Z-bar  over  the  heavier  channel  and  X-beani. 

Problem  2. — In  each  of  the  sections  in  the  preceding  problem,, 
which  are  the  fibers  subject  to  the  stresses  given? 

Solution. — In  the  rectangle  and  I-beam,  If  might  be  taken  on 
either  the  6-line  or  the  d-line.  Hence,  JB  and  D  are  both  extreme 
fibers  in  these  cases.  In  the  channel,  similarly,  H  is  indicated,  and 
in  the  Z-bar,  5  and  IS. 

Problem  3. — In  the  channel  of  Problem  1,  what  is  the  magnitude 
and  nature  of  the  stress  at  the  jioint,  ^1,  under  the  given  load? 

Solution. — Extending  G  H  to  the  intersection,  H\  with  the  o-line 

produced,  G  H'  is  scaled  oft"  as  19.2  in.^     Hence,  J^  =  — ^=  0.052  M^ 

To  determine  whether  it  is  tension  or  compression,  observe  that  JV, 
though  zero  in  amount,  may  be  treated  as  a  compressive  force  at  infin- 
ity on  G  H  above  G,  or  as  a  tensile  force  at  infinity  below  G. 
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Assume  the  former,  then  H'  is  on  the  opposite  side  of  G  from  K, 
and  y^,  accordingly  (Section  7),  is  of  opposite  sign  to  JV,  and,  there- 
fore, is  tensile.  The  same  result  follows,  of  course,  from  the  oppo- 
site assumption. 

Problem  4. — In  the  Z-hai"  of  Fig.  7,  what  is  the  most  favorable 
plane  of  loading,  and  what  will  then  be  the  position  of  the  neutral 
axis? 

Solution. — The  most  favorable  plane  of  loading  is  obviously  that 
yielding-  the  maximum  S.  This,  by  inspection  of  the  figure,  would 
be  a  plane  the  trace  of  which  would  pass  through  a  h  and  d  e,  and 

have  for  a  slope  tan.~^  tttv     This  trace,  passing  through  a  h  and  cZ  e, 

indicates  that  A  and  J5,  as  well  as  D  and  JB,  are  then  all  extreme 
fibers.  Hence,  the  neutral  axis  is  then  parallel  to  the  flanges,  A  B 
and  D  E. 

Similarly,  the  least  favorable  plane  of  loads  might  be  located; 
■obviously,  it  will  be  perpendicular  to  the  a-line  and  c7-line. 

Problem  5. — Through  what  extremes  would  f^^^^^  pass,  if  the 
Z-bar  of  Problem  1  were  to  make  a  complete  revolution  about  its 
longitudinal  axis,  the  load  remaining  vertical? 

Solution. — Scaling  off  the  extreme  values  of  S  indicated  in  the  pre- 
ceding problem,  they  are  found  to  be  8.68  and  1.85  in.^     The  extremes 

of  ./;„«..   are  -^^  ==  0.116  J/,  and  ^^  =.  0.540  M. 

Problem  6. — What  is  the  least  favorable  plane  of  loads  for  the 
rectangle  of  Fig.  4? 

Solution. — Minimum  S  will  occur  for  planes  normal  to  either 
■diagonal  of  the  rectangle. 

Problem  7. — What  plane  of  loads  will  make  the  neutral  axis 
vertical  in  the  Z'har  of  Fig.  7: 

Solution. — If  the  neutral  axis  is  vertical,  B  C  and  E  F  will  be 
the  extreme  fibers,  and  the  plane  of  loads  must  pass  through  h  c  and 

Problem  8. — A  channel  is  to  be  selected  to  act  as  a  purlin; 
trusses  10  ft.  on  centers;  slope  of  roof  30°  to  horizontal;  purlins 
€  ft.  apart  in  plan;  loads,  dead  10  lb.  and  snow  20  lb.  per  sq.  ft.  of 
plan,  and  wind  25  lb.  per  sq.  ft.  of  roof  surface;  fiber  stress  not  to 
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exceed  16  000  lb,  per  sq.  in.  for  the  worst  combination,  considering- 
(a)  that  the  maximum  snow  and  wind  may  act  simultaneously;  (h) 
that  they  may  not  so  act. 

Solution. — Tho  loads  ])or  linear  foot  upon   tlw   inirlin  for  the  tlirei. 


Fig.  8. 

loads  are,  noting  that  the  distance  between  purlin  centers  on  the  slope 

is  6.93  ft., 

lOa  =  6        X  10  =     60      lb.  per  lin.  ft.,  vertical, 
w^  =  6        X  20  =  120      "     "       "     "         " 
w^  =  6.93  X  25  =  173.2  "     "      -     "    normal  to  roof  slope. 
Fig.  8a  is  a  force-magnitude  polygon  showing  the  important  result- 
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ants,  i?j,  J?2  ^^d  -K3  in  magnitude  and  direction.  They  are  the  result- 
ants of  w^  and  w^,  of  w^,  ic^,  lo^,  and  of  m)^  and  iv^^  respectively. 
They  give  rise  to  three  different  flexures,  iJ/j,  M^  and  iJfg,  in  their 
respective  planes,  and  call  for  three  different  values  of  S :  *Sj,  S.^  and 
(Sg,  in  those  planes. 

S,=^^  =iaX  ^Q  X  1^  X  ^^  =  ISO  X  0.00.4  =  1.69  in3. 
'        16  000  8  X  16  000 

Similarl}^,  S.2  and  S^  are  3.19  and  2.12  in.^,  respectively. 


Linear  Inches 


0  0.5  1  1.5 

Scales  Scale  of  Inch  square  in-h-3 

f  '    ^    I    I    I    I    I    I    I    I   I    I    I    I 


Fig.  9. 
On  inspection  of  Fig.  6  it  is  seen  that  a  single  side  (that  pertain- 
ing to  5)  of  the  /S-polygon  for  each  channel  will  suffice.  Accord- 
ingly, this  side  is  plotted  for  a  promising  list  of  channels,  using  only 
such  data  as  the  handbook  furnishes.  8^,  8^  and  8^  are  laid  off 
from  G  parallel  to  the  resultants  to  which  they  respectively  corre- 
spond. This  work  is  shown  in  Fig  85.  Condition  (a)  calls  for  a 
channel  which  can  furnish  8^  and  8^,  and  condition  (&)  requires 
8^  and  8^.  A  glance  at  the  sketch  shows  that  for  (a)  a  10-in.  15-lb. 
channel  is  required,  and  for  (&)  a  9-in.  13.25-lb.  channel.  The  latter 
is  so  close  a  fit  that  one  of  the  next  two  larger  sizes  might  well  be 
preferred,  in  view  of  the  sensitiveness  of  the  section  to  a  slight 
■change  in  position. 
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Problem  9.- — Suppose  the  4  by  3  by  §-in.  angle  of  the  example  at 
the  close  of  Section  5  to  be  exposed  to  a  thrust,  P  (==  18  000  lb.)  ap- 
plied successively  at  the  six  different  ii's,  shown  in  Fig.  9.  The 
first  three  are  at  mid-thickness  of  a  ^-in.  gusset,  and  the  second 
three  similarly  on  the  center  plane  of  a  f-in.  gusset.  In  each  set, 
the  /I's  are,  respectively,  at  gauge  2^  in.,  at  the  most  favorable  gauge, 
and  opposite  G.     Required  the  f  j^ax_  for  each  case. 

Solution. — Here  are  really  six  problems,  each  equal  in  com- 
plexity to  that  at  the  close  of  Section  5.  In  fact,  the  first  one  is 
that  very  problem,  here  to  be  solved  again  for  comparison.  The 
^■polygon  simplifies  matters  so  greatly  that  the  six  problems  will  be 
taken  up  together.  It  is  merely  a  question  of  getting  the  ilf's  and 
vS"s  for  substitution  in  Equation  13.  S'  is,  in  each  case,  G  H,  as 
usual,  and  M  =  P  q,  where  q  is  K  G.  The  six  q's  and  *S^"s  are 
scaled  from  Fig.  9,  where  the  section  and  its  /S^-polygon  are  plotted, 
and  the  substitution  is  carried  out  in  Table  1. 

TABLE  1. 


Case. 

Q- 

S\ 

M    _  P  q 

s-        s-  ■ 

P 

A 

fmax-=     "   -|- 
A 

M 

Location 
of  fmax. 

^1 

1.41  in. 

2.83  in.' 

9000 

7200 

16  200 

B 

K. 

1.35  " 

3.21  " 

7  600 

7200 

14  800 

AB 

K, 

1.03  " 

0.97  " 

19  100 

7300 

26  300 

A 

K, 

1.37  " 

2.66  " 

9.300 

7  200 

16  500 

B 

Ki 

1.27  " 

3.21  " 

7100 

7200 

14  300 

AB 

Hi 

0  97  " 

0.97  " 

18  000 

7  200 

25  230 

A 

The  location  of  the  fiber,  subject  to  /^„„j..  in  each  case,  is  indicated 
by  the  letter  of  the  S-line  on  which  H  falls,  and  is  recorded  in  the 
table  as  a  matter  of  interest. 

The  fluctuation  of  f  is  seen  to  be  considerable  with  these  changes 
in  the  position  of  K.  In  an  actual  frame  these  variations  would 
doubtless  be  less  serious,  but  would  be  diminished  only  at  the  expense 
of  secondary  stresses  in  the  neighboring  members.  These  stresses 
would  be  of  a  flexural  or  torsional  character  very  difficult  to  estimate. 

Section  10. — Concerning  8-Polygons  of  Specially  Important 
Sections. — Table  2  gives  the  co-ordinates  of  the  apices  of  the 
jS-polygons  for  the  standard  American  Z  -bars,  and  Plate  V  shows 
these  same  <S-polygons  plotted  to  scale.  It  is  believed  that  the 
reader  will  be  able  from  the  foregoing  to  establish  the  /S^-polygons 
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for  the  standard  channels  so  easily  as  to  make  it  inadvisable  to  take 
up  the  space  to  show  them  here.  For  I  -beams  no  computation  is- 
needed  beyond  what  is  given  in  the  steel  handbooks.  Thus  would 
be  covered  the  most  important  purlin  shapes.  The  writer  has  never 
established  the  iS-polygons  for  angles,  but  rests  content  in  that  they 
are  relatively  of  minor  importance. 

TABLE  2. — Apex  Co-ordinates  for  the  ;S'-polygons  of  the 
American  Standard  Z-Bars,  Expressed  in  Inches.' 


..J'-- 


Fig.  10. 


Section. 

^1 

Vi 

x„ 

Vi 

a-3 

«/3 

3      X  2H  X  i 

1.50 

1.92 

1.10 

0.88 

0.56 

0.20 

3i'b  X  2J    X  If 

1.88 

2.38 

1.40 

1.11 

0.72 

0.23 

3      X  2H  X  i 

2.04 

2.57 

1.57 

1.22 

0.81 

0.22 

3['e  X  23    X  /e 

2.38 

2.98 

1.88 

1.44 

0.98 

0.24 

3      X  214  X  i 

2.45 

3.06 

1.99 

1.51 

1.05 

0.22 

Si's  X  22    X  ,% 

2.76 

3.43 

2.30 

1.71 

1.22 

0.23 

4      X  3f>e  X  i 

2.02 

3.14 

1.44 

1.37 

0.74 

0.42 

4^  X  3i    X  is 

ZM 

3.91 

1.84 

1.74 

0.95 

0.48 

^  X  3fg  X  3 

3.06 

4.67 

2.26 

2.10 

1.18 

0.53 

■i      X  3  Jg  X  /g 

3.13 

4.83 

,     2.37 

2.20 

1.25 

0.50 

4t's  X  3^    X  i 

3.60 

5.50 

2.77 

2.54 

1.47 

0.53 

H    X  3i='g  X  i"b 

4.06 

6.18 

3.19 

2.88 

1.71 

0.56 

4      X  StV  X  i 

3.94 

6.05 

3.18 

2. 86 

1.73 

0.50 

4i'b  X  3^    XH 

4.35 

6.65 

3.58 

3.18 

1.97 

0.51 

44    X  3/5X1 

4.77 

7.26 

4.00 

8.50 

2.22 

0.52 

5      X  31    X  T% 

4.80 

5.34 

2.00 

2.26 

1.04 

o.m 

Ofg   X   "Tfi   X   3 

3.38 

6.39 

2.45 

2.74 

1.29 

0.90 

5g       X   <>B      X   TS 

3.97 

7.44 

2.92 

3.22 

1.55 

0.98 

5      X  3i    X  4 

4.02 

7.68 

3.02 

3.35 

1.63 

0.94 

•Ve  X  3;%  X  i's 

4.55 

8.62 

3.47 

3.80 

1.90 

0.99 

5i    X  3^    X  1 

5.09 

9.57 

3.94 

4.26 

2.17 

1.03 

5     XH   xkk 

4.94 

9.47 

3.91 

4.25 

2.20 

0.94 

OrV  X  ^1%  X  i 

5.42 

10.34 

4.37 

4.67 

2.48 

0.97 

5i    X  3i    X  li 

5.91 

11.20 

4.84 

5.10 

2.78 

0.99 

6      X  3i    X  1 

3.85 

8.44 

2.75 

3.48 

1.46 

1.36 

fire  X  3i%  X  tb 

4.53 

9.83 

3.27 

4.10 

1.75 

1.50 

6|    X  3|    X  i 

5.20 

11.22 

3.81 

4.72 

2.06 

1.62 

«      X  3.5    X   \ 

5.24 

11.55 

3.91 

4.88 

2.15 

1.57 

6i'«  X  3^  X  I 

5.87 

11.82 

4.44 

5.47 

2.47 

1.65 

64  X  35  xlh 

6.50 

14.10 

4.98 

6.07 

2.80 

1.71 

6      X  3|    X  i 

el's  X  SfXff  X  ii 

6.32 

14.04 

4.94 

6.06 

3.83 

1.60 

6.89 

15.29 

5.47 

6.62 

3.17 

1.64 

91    X  3i    X  i             j 

7.48 

16.40 

6.02 

7.18 

3.52 

1.67 
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APPENDIX. 

11.  Tlie  Equation  and  Properties  of  the  Neutral  Axis. — Setting 
f  =  0  in  Equation  10,  and  rearranging,  the  equation  of  the  neutral 
axis  is  found  to  be 

y    ^  -L^i ^  X    ^    -r^O^: =-^ (17) 

the  coefficient  of  x  being  its  slope,  and  the  constant  term  its  inter- 
cept, b,  on  the  axis  of  Y.  These  values  might  also  have  been  ob- 
tained as  tan.  (x.  from  Equation  7,  and  v^  sec.  a,  from  Equations  5 
and  6. 

Inspection  of  Equation  17  will  reveal  a  number  of  important 
facts. 

In  the  extreme  case,  when  K  is  at  G,  y^  and  ;r^  vanish,  tan.  a 
becomes  indeterminate,  and  &  becomes  infinite.  That  is,  if  N  be 
applied  at  the  center  of  gravity  of  a  section,  the  neutral  axis  will  be 
at  an  infinite  distance,  and  with  no  determinate  direction.  The  f  is 
then  constant  throughout  the  section,  as  might  have  been  foreseen. 
This  is  the  case  of  pure  normal  stress  (compression  or  tension). 

Eor  the  other  extreme,  where  K  is  at  infinity  (the  condition  for 
pure  flexure),  either  or  both  of  x^.  and  y^  become  infinite,  tan.  a. 
is  determinate  in  any  given  problem  (Equation  7)  and  h  vanishes. 
That  is,  in  pure  flexure  the  neutral  axis  passes  through  the  center  of 
gravity  of  the  section  at  an  inclination  depending  upon  '^• 

For  intermediate  positions  of  K,  the  neutral, axis  has  a  deter- 
minate slope,  and  is  at  a  finite  distance  from  G,  dependent  upon  the 
location  of  K,  and  the  greater  the  distance,  K  G,  the  nearer  to  G 
will  be  the  neutral  axis,  and  vice  versa. 

It  can  be  shown  that  the  quantity,  T^  I^  — ■  J^  is  never  negative 
With  the  aid  of  this  fact,  and  by  finding  the  intercept  of  a  line 
through  K  ijarallel  to  n  n,  it  will  be  seen  that  K  and  n  n  always  lie 
upon  opposite  sides  of  G  U,  as  might  have  been  foreseen. 

Since  tan.  a  depends  solely  upon  the  ratio  of  2/^,  and  x^,  and 
not  at  all  upon  their  actual  magnitudes,  it  is  evident  that,  for  all 
K's  on  a  line  through  G,  the  neutral  axes  will  be  parallel,  and  con- 
versely. 

Further,  the  intersection  of  neutral  axes  for  any  two  K's  upon 
any  straight  line,  y  =  I  x  -\-  h  will  be  found  to  have  for  its  co- 
ordinates 

_   J^JIy  1 

*-     Ah'    \ 

L^U>  ('«> 

y 


A  h 

quantities  dependent  only  upon  the  constants  of  the  given  line  and 
of  the  section.     Hence  it  appears  that  for  E's  moving  on  any  straight 
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line  the  neutral  axis  rotates  about  a  fixed  point,  given  by  Equation 
18,  and  conversely.  If  the  line  passes  through  G,  h  vanishes,  x  and  y 
become  infinite,  and  the  statement  of  the  preceding  paragraph  is 
confirmed. 

12.  The  Kernel  of  a  Section. — The  kernel  of  a  section  is  the 
area  bounded  by  the  locus  of  the  K's  corresponding  to  a  series  of 
neutral  axes  touching  the  periphery  of  the  section  but  never  cross- 
ing the  section.  It  could  be  located  with  the  help  of  Equations  7 
and  18  vpithout  difficulty.  Its  main  interest  lies  in  its  defining  an 
area  within  which  a  K  must  fall  in  order  that  the  unit-stress  may 
be  of  the  same  sign  throughout  the  section.  It  is  interesting,  too, 
in  that  its  radii  vectores  are  lengths  which,  for  any  •  ,  need  only 
to  be  multiplied  by  the  area  of  the  section  to  give  ;S"  and  S"  for 
that  A.  These  lengths  would  have  to  be  called  +  if  on  the  op- 
posite side  of  K  from  G,  and  vice  versa.  The  kernel  is  then  a 
figure  with  sides  respectively  parallel  to  the  /S-polygon,  but  on 
opposite  sides  of  (7,  but  unlike  the  /S'-polygon  in  being  geometrically 
an  actual  surface  and  to  the  same  scale  as  the  section. 

The  kernel  will  be  established  if  the  K's  be  found  for  the  neutral 
axes  coinciding  with  the  sides  of  the  circumscribing  polygon  of  the 
figure.  Eor  each  such  side  considered  as  a  neutral  axis  there  will  be 
a  K  which  will  be  an  apex  of  the  kernel.  In  the  light  of  the  pre- 
ceding paragraph,  the  co-ordinates  of  the  kernel  apex  corresponding 
to  any  such  side,  AB,  may  be  easily  written  by  reversing  the  signs 
in  Equation  16  and  by  dividing  the  second  member  by  A.  Accord- 
ingly, 

.,.      _  _  (^a  —  ^b)J'—(ya  —JAIv  '^ 
_  _  (^'g  —  •«&)  h  —  ^Va  —  Vh"\  J 

are  co-ordinates  of  a  kernel  apex  corresponding  to  AB.  If  AB  fall 
out  parallel  to  the  X-axis,  these  expressions  become 

J 

'■ab  " 


(19) 


^Vn 


Vab^ 


(19') 


and,  if  parallel  to  the  F-axis,  they  become 

__  A 

"ab  '-  J^  r^ 

expressions  paralleling  Equations  16'  and  16''. 

The  kernel  and  the  circumscribing  polygon  of  the  section  are 
related  to  each  other  in  such  a  way  that  if  the  K  travel  along  the 


(19") 
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one,  the  corresponding  neutral  axes  will  roll  around  the  other, 
meaning,  by  that,  that  they  will  coincide  with  side  after  side  of  the 
other  polygon,  and,  pivoting  about  the  apices  of  the  other  polygon, 
will  assume  all  intermediate  positions  possible  without  crossing 
the  surface  of  the  polygon. 

The  continental  writers  have  given  much  attention  to  the  kernel, 
but  its  practical  usefulness  is  so  slight,  compared  with  its  close 
kin,  the  /S'-polygon,  that  further  description  of  it  need  not  be  given 
here.  The  preceding  section  is  here  given  primarily  in  preparation 
for  the  following  section. 

18. — The  S-Polygon  and  W-Fldche  Compared. — The  /S-polygon 
arrived  at  in  the  foregoing  was  the  result  of  an  independent  attempt 
to  establish  the  T7-Flache  of  Professor  R.  Land,  of  Constantinople. 

The  only  difference  between  the  two  lies  in  the  fact  that  the 
sides  of  the  two  polygons  for  a  given  m  lie  on  opposite  sides  of  G, 
making  the  TF-Flache  just  like  the  kernel  with  all  its  dimensions 
multiplied  by  A.  The  writer  believes  that  the  maintenance  of  this 
distinction,  even  at  the  expense  of  losing  the  closest  possible 
similarity  with  the  kernel,  is  worth  while.  The  relations  with  the 
kernel  will  be  of  little  importance  in  practice,  and  it  seems  natural, 
and  hence  conducive  to  accuracy  in  computation,  to  call  the  radius 
vector  positive  rather  than  negative  when  measured  on  the  same 
side  of  G  as  the  point  the  stress  of  which  it  determines.  The  radius 
vector  will  then  come  to  be  a  kind  of  pointer  starting  from  the 
natural  origin,  G,  toward  the  portion  of  the  cross-section  to  which  it 
belongs.  This  is  a  valuable  safeguard  against  confusion,  especially 
as  the  diagram  is  one  the  use  of  which  is  within  the  comprehension 
of  computers  of  very  moderate  experience.  Finally,  for  all  sec- 
tions sj'mmetrical  about  G,  such  as  I's  and  Z.''^^  the  TT^-Flache  and 
«S-polygon  would  be  indistinguishable  except  in  the  lettering.  Only 
for  sections  like  C's,  and  T's  would  the  difference  aj^iiear. 

14. — Closing  Bemarhs  on  the  8-Polygon. — The  /S-polygon  is  a 
graphic  exhibit  of  the  values  of  8  leading  to  the  extreme  unit 
stresses  in  the  section  for  all  possible  inclinations  of  the  plane 
of  loads.  It  is  subject  to  the  advantages  and  disadvantages  of 
graphical  work.  It  is  of  the  greatest  possible  simplicity  in  use,  but 
the  measurement  of  the  radii  vectores  to  a  high  degree  of  pre- 
cision may  be  difficult.  A  degree  of  precision  quite  sufficient  for 
structural  designing,  however,  is  easily  obtained.  Extreme  accuracy 
is  rarely  justified  in  practice,  considering  among  other  things  the 
uncertainty  as  to  the  actual  magnitude  and  inclination  of  the  loads, 
the  inevitable  variations  of  the  rolled  shape  from  the  nominal  section, 
inaccuracies  in  construction  and  erection,  and  the  doubt  whether 
the  principle  of  linear  distribution  of  stress  is  rigorously  applicable. 
Such   considerations   make   it   certainly   justifiable   to    ignore   the 
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minute  effect  of  the  rounded  fillets  and  corners  of  the  familiar 
shapes. 

If,  for  any  reason,  the  computed  value  of  ;S'  be  required,  it 
can  easily  be  found  by  substituting  the  proper  x,  y,  and  ^  in 
Equation  11.  In  fact,  a  numerical  table  could  thus  be  computed  for 
as  small  variations  in  ^  as  desired,  which  would  parallel  the  graphic 
/S'-polygon.  Such  tables  have  been  published  in  Germany  for  some 
of  the  German  standard  rolled  sections. 

Finally,  the  /S-polygon  should  be  observed  to  be  bounded  by  lines 
the  radii  vectores  of  which  for  all  values  of  A.  have  a  significance. 
Radii  vectores  for  points  in  these  lines  produced  measure  values  for 
8  which,  upon  insertion  in  Equations  13  and  14  will  give  correct 
values  for  the  particular  point,  m,  to  which  the  /S-line  belongs, 
and  the  particular  A.  The  portions  of  an  /S^-line  between  two  suc- 
cessive apices  of  the  >S-polygon  are  of  special  importance  simply  be- 
cause they  mark  out  the  limits  of  A's  for  which  an  extreme  fiber 
stress  will  result  from  the  corresponding  low  values  of  8. 

In  closing,  the  writer  wishes  to  express  his  obligations  to  Bruce 
Borland,  Jun.  Am.  Soc.  C.  E.,  who  performed  most  efficiently  the 
exacting  task  of  computing  Table  2;  and  Messrs.  H.  E.  Norton, 
S.  B.,  J.  R.  Nichols,  and  H.  W.  Telford,  S.  B.,  who  have  assisted  in 
various  ways  in  the  preparation  of  this  paper. 
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THE  CONTEOL  OF  HYDRAULIC  MINING  IN 

CALIFORNIA  BY  THE  FEDERAL 

GOVERNMENT. 


By  Wn.LUM  W.  Harts,  M.  Am.  Soc.  C.  E.* 
To  BE  Presented  May  2d,  1906. 


As  far  back  in  the  past  as  history  takes  us,  the  search  for  gold 
has  had  a  passionate  interest  for  mankind.  The  same  zeal  that 
animated  the  Argonauts  who  accompanied  Jason  in  his  quest  of  the 
Golden  Fleece,  the  same  patience  and  perseverance  that  urged  on 
the  searchers  for  the  philosopher's  stone,  the  insatiable  greed  for 
quickly  acquired  wealth  that  sent  the  Spanish  conquerors  to  the 
New  World,  are  even  in  this  day  driving  men  to  deeds  of  daring  and 
adventure  at  the  farthest  ends  of  the  earth. 

The  richness  of  the  treasure  discovered  in  California  a  genera- 
tion or  more  ago  seems  almost  fabulous.  Gold  fields  that  yielded  in 
a  single  year  more  than  $81  000  000,  and  since  the  first  discoveries 
have  produced  up  to  date  more  than  $1  414  000  000,  have  filled  the 
minds  of  an  army  of  miners,  from  that  day  to  this,  with  that  fever 
for  gold  which,  once  acquired,  seems  never  to  relax  its  hold  on  its 
victim. 


*  Captain,  Corps  of  Engineers.  U.  S.  Army. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  In  a  subsequent  number  of  Proceedings,  and,  when 
finally  closed,  the  papers,  with  discussion  In  full,  will  be  published  in  transactions. 
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Scarcely  a  stream  of  the  western  slope  of  the  Sierras  but  held  in 
its  gravel  bed  quantities  of  this  precious  metal,  and  when  all  these 
had  been  exhausted  it  was  found  that  enormous  wealth  could  be  ex- 
tracted from  the  old  gravel  beds  of  the  prehistoric  rivers,  those  of 
the  tertiary  age.  To  wash  through  sluice  boxes  in  the  quickest  time 
possible  these  vast  quantities  of  gravel,  in  order  to  secure  the  gold 
contained,  was  the  eager  effort  of  thousands  of  men.  Millions  of 
cubic  yards  of  these  old  gravel  deposits  were  thus  displaced  every 
year,  and  washed  into  the  streams  and  watercourses. 

The  State  of  California,  not  realizing  or  not  caring  that  some 
day  this  might  lead  to  much  trouble,  assisted  the  miners  in  every 
conceivable  way.  The  right  of  condemnation  of  private  property  for 
rights  of  way  for  mining  ditches  was  granted  to  the  miners,  the  use 
of  the  streams  to  carry  away  the  tailings  of  the  mines  was  at  one 
time  authorized  by  legislation,  and  even  the  Federal  Government,  on 
whose  public  lands  these  mines  were  mainly  located,  not  only  made 
no  charge  for  the  privilege  of  extracting  the  gold,  but  even  author- 
ized the  miners  to  take  up  claims  without  charge,  in  which  they 
could  have  a  temporary  possessory  right,  protected  by  law  as  long  as 
they  worked  their  ground. 

It  is  no  small  wonder  that  little  thought  was  given  to  injuries 
which  might  be  caused  by  these  operations. 

The  topography  of  the  Sacramento  and  San  Joaquin  Valleys  is 
peculiar,  and  any  interference  with  the  outflow  of  the  floods  of  these 
rivers  is  certain  to  aggravate  a  condition  already  a  very  troublesome 
one  by  nature.  Along  the  flanks  of  these  rivers  for  miles  are  rich 
areas,  sometimes  several  miles  wide,  which  are  overflowed  each  year 
because  of  the  inability  of  the  rivers  to  carry  off  the  floods  caused  by 
the  spring  rains  and  melting  snows.  For  months  these  rich  lands 
are  under  water.  As  the  population  of  the  valleys  along  the  rivers 
increased,  a  growing  hostility  arose  toward  the  miners  who,  it  was 
believed,  were  mainly  responsible  for  these  conditions.  Thus  arose 
the  historic  contention  between  the  miners  on  the  one  hand  and  the 
valley  people  on  the  other,  which  led  to  much  bitterness  of  feeling 
in  later  years.  Its  settlement  has  occupied  the  minds  of  many  en- 
gineers and  legislators  for  years,  as  well  as  the  time  of  many  lawyers 
and  judges.     The  end  is  only  now  barely  in  sight. 

The  Debris  Prohlem. — The  problem  of  what  to  do  with  the  debris 
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resulting  from  years  of  unrestricted  hydraulic  mining  has  thus 
vexed  the  people  of  California  for  upwards  of  a  generation.  In  the 
fierce  and  bitter  conflict  between  the  mining  interests  of  the  moun- 
tains on  the  one  hand,  and  the  interests  of  the  agricultural  regions 
on  the  other,  which  has  been  carried  on  for  more  than  thirty  years, 
the  industry  of  hydraulic  mining  was  finally  completely  vanquished. 
The  decisions  of  the  Courts,  and  their  injunctions,  had  put  an  end 
by  about  1880  to  a  form  of  mining  activity  in  which  more  than 
$100  000  000  were  said  to  have  been  invested  at  that  time,  and  from 
which  the  State  of  California  had  originally  derived  most  of  its 
claim  to  the  attention  of  the  world.  These  decisions  and  injunc- 
tions against  hydraulic  mining  were  based  on  the  injuries  caused 
by  the  tremendous  inundation  of  mining  detritus  over  the  farming 
lands  and  river  beds  of  the  valleys  of  the  central  part  of  the  State, 
and  on  the  constitutional  right  of  the  owners  of  this  property  to  be 
protected  from  such  injuries. 

It  cannot  be  denied,  however,  that  the  discovery  of  gold  in  Cali- 
fornia in  1848  gave  a  stronger  impetus  to  the  growth  of  the  State 
than  any  other  single  occurrence  before  or  since.  By  1849  there 
were  100  000  miners  engaged  in  washing  the  gravel  of  the  river  beds 
of  the  Sierras.  Where  a  sparse  and  scattered  population  had  worked 
out  a  more  or  less  precarious  existence,  the  discovery  of  gold  caused 
mining  camps  first  and  then  flourishing  towns  to  spring  up  as  if  by 
magic.  As  these  grew,  the  mining  industry  was  followed  by  the 
farmers,  orchardists  and  ranchers  who  settled  later  in  the  rich  val- 
leys of  the  Sacramento  and  San  Joaquin  Rivers.  To  save  their 
farms  from  inundation  caused  by  raising  the  flood  plane  of  the 
rivers,  and  to  prevent  the  bottom  lands  from  being  ruined  by  the 
accretion  of  gravel  and  debris  from  the  mines  in  the  mountains  and 
foothills,  legal  remedies  were  resorted  to  by  the  valley  people,  and  by 
about  1880  the  once  enormous  industry  of  hydraulic  mining  had 
been  successfully  throttled  by  the  injunctions  of  the  Local  and 
Federal  Courts. 

The  feeling  between  the  miners  and  the  valley  people  became 
acute,  and  much  bitterness  resulted.  The  State  of  California  had 
extensive  investigations  made,  but  found  it  could  not  cope  with  the 
difficulty.  The  Federal  Government  was  then  appealed  to,  and 
examinations  were  ordered  by  Congress  in  1880  and  again  in  1888. 
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The  former  was  made  and  a  report  submitted  by  Colonel  G.  H. 
Mendell,*  Corps  of  Engineers,  U.  S.  Army.  The  latter  was  made 
by  a  board  of  three  officers  consisting  of  Lieutenant-Colonel  Ben- 
yaurd.  Major  Handbury  and  Major  Hauer,  all  of  the  Corps  of  En- 
gineers.t  On  the  report  of  this  board,  Congress  passed  in  March, 
1893,  a  mining  law  which  has  been  since  known  as  the  Caminetti 
Act,  from  the  name  of  its  proposer  in  Congress.  This  Act  was 
ostensibly  for  the  protection  of  the  navigability  of  the  Sacramento 
and  San  Joaquin  Rivers,  by  preventing  them  from  being  filled  with 
mining  debris  and  their  depths  thus  reduced  to  a  point  where  free 
navigation  would  be  impossible.  It  was  fervently  hoped  by  those 
interested  in  mining  in  California  that  the  application  of  the  law 
would  be  far  wider  in  its  benefits  and  give  them  the  long-sbught 
privilege  of  operating  their  mines  without  hindrance.  This  law 
created  a  Federal  commission  to  regulate  hydraulic  mining  in  such 
a  way  as  to  prevent  any  injury  to  navigable  waters,  with  ample 
power  to  stop  all  such  mining  until  satisfactory  impounding  facili- 
ties for  its  detritus  were  provided  by  each  mine. 

The  constitutionality  of  such  an  enormous  interference  with  the 
interior  affairs  of  one  of  the  States  of  the  Union  as  was  embraced 
in  this  law  was  based  on  the  provision  of  the  Constitution  of  the 
United  States  assigning  to  the  Federal  Government  the  duty  of  regu- 
lating the  commerce  between  States,  and  incidentally  of  protecting 
the  navigable  highways. 

It  was  presumably  understood  in  Congress  that  the  steps  neces- 
sary to  protect  the  interests  of  navigation  from  the  mining  debris 
evil  would  necessarily  protect  all  the  agricultural  interests,  as  the 
greater  includes  the  less,  so  that  if  the  engineers  in  charge  could 
devise  a  method  which  would  protect  satisfactorily  the  navigability 
of  the  rivers  affected,  the  other  questions  involving  private  rights 
would  solve  themselves.  The  depths  of  the  rivers  being  affected  so 
quickly,  there  was  thus  afforded  a  delicate  test  of  injury.  Any  min- 
ing that  would  cause  no  appreciable  shoaling  in  the  navigable  rivers 
could  scarcely  be  of  any  injury  to  any  other  interests.  If  the  navi- 
gability of  the  rivers  was  protected,  therefore,  the  problem  that  had 
been  of  such  long  standing  could  be  soon  settled.     This  law,  it  was 

*Ex.  Doc.  76,  House,  46th  Cong.,  3d  Session. 

t  Ex.  Doc.  267,  House  Reps.,  51st  Cong.,  2d  Session. 
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thought,  would  thus  permit  the  resumption  of  hydraulic  mining 
under  such  restrictions  as  might  be  necessary  to  protect  the  rivers. 

The  Act  provides  for  a  Federal  board  of  three  engineer  officers  of 
the  army,  appointed  by  the  President  and  confirmed  by  the  Senate, 
to  be  called  the  California  Debris  Commission.  It  became  their 
duty  under  the  law  to  devise  plans  that  would  permit  hydraulic  min- 
ing to  be  resumed,  under  sufficient  restrictions  to  prevent  injury  to 
the  lower  rivers  and  the  land  lying  adjacent  thereto.  The  Commis- 
sion's  jurisdiction  was  limited  to  the  water-shed  of  the  Sacramento 
and  San  Joaquin  Rivers,  but  within  these  limits  all  hydraulic  mining 
was  prohibited  except  with  the  license  or  permit  of  this  Commission. 
A  maximum  penalty  of  $5  000  fine  and  one  year's  imprisonment  was 
imposed  for  violation  of  the  Act. 

The  Commission  was  directed  also  to  devise  projects  that  would 
improve  the  navigability  of  the  rivers  above  named  and  their  tribu- 
taries, protect  their  banks  against  encroachment  and  damage  from 
mining  debris,  and  restore,  as  far  as  required  by  the  needs  of  navi- 
gation, the  navigability  of  the  rivers  as  it  existed  in  1860. 

What  has  been  accomplished  by  this  Commission  since  its  or- 
ganization is  the  subject  of  this  paper. 

Description  of  the  Mining  Region. — To  understand  fully  what 
was  assigned  to  the  California  Debris  Commission  and  the  wide 
scope  and  difficulty  of  its  work,  the  geography  and  topography  of 
the  State  of  California  must  be  considered  briefly  in  connection  with 
the  flow  of  mining  debris. 

The  entire  central  portion  of  the  State  is  inclosed  by  mountains 
and  consists  of  an  elliptically  shaped  valley  about  450  miles  long 
and  40  miles  wide,  embracing  about  18  000  sq.  miles.  It  is  hemmed 
in  by  the  Coast  Range  on  the  west  and  the  Sierras  on  the  east,  and 
is  drained  by  the  Sacramento  and  San  Joaquin  Rivers,  which  empty 
into  the  Pa-cific  Ocean  through  San  Prancisco  Bay.  All  the  water 
falling  on  the  areas  of  the  water-shed  of  these  rivers  must  pass  into 
the  Pacific  Ocean  through  one  mouth,  about  a  mile  wide  at  its 
narrowest  point,  called  the  Golden  Gate. 

The  flat  portion  of  the  valley  embraces  about  4  769  sq.  miles,  where 
the  annual  rainfall  is  about  18  to  20  in. ;  the  Sierra  slope,  with  eleva- 
tions as  high  as  11  000  ft.,  has  an  area  of  about  8  843  sq.  miles,  where 
the  average  rainfall  varies  from  24  to  102  in. ;  the  slope  of  the  Coast 
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Range  has  an  area  of  3  075  sq.  miles,  with  a  rainfall  of  something 
less  than  the  Sierra  slope,  whereas  the  Shasta  region  on  the  north, 
having  elevations  of  more  than  14  000  ft.  and  an  area  of  5  616  sq. 
miles,  has  a  rainfall  ranging  from  30  to  110  in.  The  average  rain- 
fall over  the  entire  water-shed  of  the  Sacramento  Basin,  of  about 
26 187  sq.  miles,  may  be  averaged  at  about  30  in.* 

Practically  all  this  rainfall  is  during  the  winter  months  and  in 
the  early  spring,  so  that  the  warm  rains  and  melting  snows  together 
frequently  cause  excessive  floods.  The  watercourses  in  their  upper 
portions  are  all  mountain  torrents.  It  thus  happens  that  every 
spring  the  Sacramento  River  is  required  to  carry  off  floods  far  be- 
yond the  capacity  of  its  bed. 

The  superficial  area  of  the  channel  and  slough  surface  is  only 
38  sq.  miles,  out  of  a  total  of  4  769  sq.  miles  of  the  level  part  of  the 
valley,  and  the  fall  in  surface  slope  is  very  limited  in  the  lower  por- 
tions of  the  river.  It  has  been  estimated  that,  with  an  annual  pre- 
cipitation of  from  30  to  40  in.,  there  will  be  an  area  of  about  1  700 
sq.  miles,  more  or  less,  flooded  every  spring  when  a  warm  rain  sets 
in  after  heavy  snows.t 

It  is  very  evident  that  the  local  conditions  have  for  ages,  if  not 
always,  prevented  the  Sacramento  River  from  discharging  its  flood 
waters  promptly.  Furthermore,  for  ages  the  well-known  erosive 
action  and  leveling  tendencies  of  all  rivers  have  been  at  work  cutting 
down  the  mountains  and  hillsides  and  filling  up  the  lower  river 
reaches  and  the  bays.  Much  of  the  Sacramento  Valley  has  unques- 
tionably been  formed  in  this  way,  and  this  action  is  doubtless  still 
in  progress.  It  seems  more  than  likely  that  Suisun  Bay  is  all  that 
is  left  of  a  large  inland  sea,  the  waters  of  which  at  one  time  probably 
washed  the  lower  slopes  of  the  Sierras. 

The  denudation  of  various  valleys  by  natural  causes  in  different 
parts  of  the  world  progresses  at  different  rates,  and  it  is  unfortunate 
that  no  definite  records  are  available  for  the  Sacramento  water-shed. 

Observations  on  the  quantity  of  sediment  carried  by  various 
rivers  in  various  lands  indicate  that  the  time  required  by  natural 
agencies  to  remove  an  average  thickness  of  1  ft.  of  rock  in  each  of 
the  several  drainage  basins  is  as  follows: 


*  "Physical  Data  and  Statistics  of  California,"  by  William  Ham.  Hall,  M.  Am.  Soc. 
C.  E. 

t  Transactions,  Technical  Society  of  the  Pacific  Coast,  February  and  March,  1887. 
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Danube       Basin 6  846  years. 

Mississippi      "     6  000  " 

Nile  "     4  723  " 

Ganges  "     2  358  " 

Ehone  "     1528  " 

HoangHo  "     1464  " 

Po  "     729  " 

Applying  the  Mississippi  rate  to  the  Sacramento  Eiver,  it  would 
indicate  a  removal  of  about  5  600  000  cu.  yd.  of  sediment  per  annum ; 
at  the  Po  rate  it  would  indicate  43  000  000  cu.  yd.  The  natural  con- 
ditions of  the  Sacramento  Basin  resemble  those  of  the  Po  more  than 
those  of  the  Mississippi,  It  is  stated  as  probable  that  the  annual 
sediment  moved  by  natural  causes  is  somewhere  between  the  rates 
of  these  two  rivers,  that  is,  between  5  600  000  and  43  000  000  cu.  yd. 
per  annum  for  the  Sacramento  Basin.* 

Nearly  all  this  natural  wash  is  carried  into  the  lower  sections  of 
the  tributary  rivers,  some  to  be  transported  into  the  Pacific  Ocean 
with  the  tidal  currents,  some  to  settle  on  the  shoals  and  tide  flats 
around  San  Francisco  Bay  and  some  to  add  to  the  already  gorged 
condition  of  the  river  channels. 

We  thus  see  that  for  probably  thousands  of  years  natural  agencies 
have  been  at  work  filling  up  the  navigable  rivers  and  encroaching  on 
the  area  of  San  Francisco  Bay.  These  natural  agencies,  already 
promising  certain  disaster  to  the  navigable  capacity  of  San  Francisco 
Harbor  at  some  far-distant  day,  were  assisted  at  an  enormous  rate 
by  the  work  of  Man,  for  there  were  recently  added  human  agencies 
that  rendered  more  complicated  an  already  too  complex  situation. 
This  was  the  removal  by  hydraulic  mining  of  millions  of  cubic  yards 
of  gravel  and  sand  from  their  location  on  the  western  slopes  of  the 
Sierras  and  the  washing  of  this  material  into  the  canons  and  tribu- 
taries of  the  Sacramento,  Feather,  American  and  San  Joaquin 
Rivers. 

Hydraulic  Mining  Methods. — Gold  was  discovered  in  California 
in  1848  during  the  construction  of  a  mill  race  at  Coloma,  near 
Georgetown,  purely  by  accident.  The  news  spread  rapidly,  and  in 
1849  there  followed  an  army  of  100  000  miners,  who  soon  washed  out 

*  Annual  Report,  Chief  of  Engineers,  U.  S.  Army,  1883. 
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all  the  accessible  gravel  lying  in  the  beds  of  the  small  creeks  and 
rivers. 

The  hand-pan,  in  which  only  a  small  quantity  of  gravel  at  a  time 
could  be  washed,  gave  way  early  to  rockers  of  larger  capacity,  and 
these  to  sluices  where  riffles  caught  the  gold,  after  being  washed  and 
separated  by  the  action  of  flowing  water,  brought  in  ditches,  some- 
times for  great  distances.  It  was  only  a  step  further  to  the  use  of 
hose  and  nozzles,  and  then  to  steel  pipes  and  monitors  for  directing 
powerful  streams  against  the  tertiary  gravel  banks  of  higher  eleva- 
tions. The  streams  are  used  under  pressure  to  break  down  the  banks, 
and  the  water  carries  ofi  the  gravel  through  the  sluice  boxes,  where 
the  gold,  by  virtue  of  its  high  specific  gravity,  is  caught  in  riffles  of 
various  kinds. 

This  method  was  invented  by  a  native  of  Connecticut,  and  dates 
from  1852.  It  dispenses  with  many  men  and  is  a  cheap  and  quick 
method  of  excavating  gravel  banks.  The  cost,  in  favorable  situ- 
ations, has  been  stated  to  have  been  as  low  as  3  to  6  cents  per  cu.  yd. 
Nozzles  as  large  as  9  in.  in  diameter  have  been  used,  pressures  as  high 
as  that  due  to  400  ft.  head,  and  quantities  as  great  as  3  500  miners'  in. 
(about  87  cu.  ft.  per  sec.)  in  a  single  stream.  The  excavating  power 
of  these  large  streams  is  enormous. 

The  engineering  features  connected  with  these  early  mining 
operations  are  full  of  interest  even  now.  The  difficulties  were  tre- 
mendous in  building  mining  ditches  carrying  several  thousand 
inches  of  water  for  sometimes  40  and  50  miles  along  the  crests  of 
ridges  and  over  deep  gulches  in  wooden  flumes,  all  to  bring  the  quan- 
tity of  water  necessary  to  mine  the  gold,  at  an  elevation  sufficient 
to  give  the  pressures  that  were  indispensable.  In  securing  outfall 
at  the  mines  sufficient  to  remove  the  debris  while  mining,  tunnels  of 
great  length,  in  rock,  were  also  often  necessary.  These  operations 
were  all  on  a  scale  but  little  realized  by  those  who  have  not  visited 
the  mining  regions. 

Extent  of  the  Damage. — The  quantity  of  gravel  which  can  be 
moved  in  24  hours  by  each  miners'  inch  of  a  stream  is  called  its 
"duty."  This  depends  on  the  character  of  the  bank,  and  varies  from 
J  cu.  yd.  to  6  cu.  yd.,  with  an  average  of  about  3  cu.  yd.  This  duty, 
with  an  approximate  knowledge  of  the  total  quantity  of  water  used 
in    a    season    throughout    the    entire    mining    field,    gives    some 
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idea  of  the  quantity  of  material  dislodged  annually.  In  this 
way  it  was  estimated  in  1880  by  the  State  engineers  that  53  404  000 
cu.  yd.  of  gravel  were  washed  from  their  banks  into  the  canons  and 
rivers  of  the  Sacramento  Basin.  Much  of  this  material  was  coarse, 
and  was  not  carried  far,  but  most  of  the  fine  material  was  unques- 
tionably taken  down  by  the  first  freshet,  to  be  added  to  year  after 
year,  and  carried  farther  at  each  high  water. 

Sediment  observations  of  the  water  of  the  Sacramento  River 
were  made  in  1880,  and  deductions  from  them  indicated  that 
18  100  000  cu.  yd.  were  brought  down  that  river  in  suspension  that 
year,  of  which  amount  4  900  000  cu.  yd.  were  assumed  to  be  the  pro- 
portion due  to  natural  wash  and  13  200  000  cu.  yd.  that  due  to 
hydraulic  mining.  Of  the  total,  2  100  000  cu.  yd.  were  estimated  to 
have  settled  in  the  overflowed  basins  along  the  river,  leaving 
16  000  000  cu.  yd.  that  were  carried  in  suspension  past  Sacramento 
and  down  into  Siusun  and  San  Francisco  Bays.  Of  this  amount 
(16  000  000  cu.  yd.),  it  is  assumed  that  11 100  000  cu.  yd.  is  the  pro- 
portion due  to  hydraulic  mining.  Deducting  this  11 100  000  cu.  yd. 
from  the  total  amount  excavated  by  the  hydraulic  process 
(53  404  000),  as  ascertained  by  the  "duty"  of  hydraulic  streams  and 
referred  to  above,  we  find  that  the  remainder,  42  304  000  cu.  yd. 
must  have  been  left  behind  in  the  numerous  canons  and  tributaries 
of  the  Sacramento  and  San  Joaquin  Rivers  as  a  result  of  the  mining 
operations  of  a  single  year.* 

These  conclusions  are  based  on  what  now  appears  to  be  insuf- 
ficient observation,  and  the  reference  to  them  here  is  mainly  in- 
tended to  give  an  indication  as  to  the  enormous  extent  of  the  debris 
problem.  A  visit  through  the  mining  regions,  for  example,  from 
Nevada  City  to  Dutch  Flat,  would  dispel  any  doubts  in  anyone's 
mind  that  the  denudation  by  this  means  was  enormovis. 

The  damage  done  to  the  streams  and  lower  country  is  as  pal- 
pable and  manifest  to  anyone  who  has  visited  the  Yuba,  the  Bear 
and  American  Rivers  as  is  the  extent  of  denudation. 

The  vast  quantity  of  debris  now  lying  in  the  river-beds  has  been 
distributed  along  the  watercourses  in  accordance  with  the  well- 
known  laws  of  water  transportation.  Much  of  it  was  undoubtedly 
left  where  new  conditions  of  flood  would  move  it  again  to  a  new 

*  See  Report,  State  Engineer,  1880. 
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location  lower  down.  It  thus  seems  to  be  plain  that  the  enormous 
quantities  of  tailings  in  the  beds  of  the  canons  and  streams  are  not 
permanently  located,  but  are  only  awaiting  an  opportunity  to  move 
to  a  new  location  whenever  the  water  velocities  of  the  stream  are 
favorable.  The  injury  once  done  still  exists  as  a  menace  for  the 
future,  and  will  continue  to  exist  until  conditions  of  more  perfect 
equilibrium  are  reached.  Surveys  recently  made  indicate  that  be- 
tween 1899  and  1904  an  addition  of  more  than  15  000  000  cu.  yd. 
was  lodged  in  the  bed  of  the  Yuba  Eiver  from  these  old  deposits. 

The  low-water  plane  of  the  Yuba  River  at  Marysville  was  raised 
15  ft.  between  the  years  1849  and  1881.*  The  citizens  of  Marys- 
ville, in  order  to  protect  their  town  from  the  damage  due  to  floods 
occasioned  thereby,  built  levees  around  the  city,  which  were  added 
to  from  time  to  time  as  required.  These  levees  were  continued  up 
to  Daguerre  Point,  about  11  miles,  on  the  north  bank.  This  neces- 
sitated levees  on  the  other,  or  south  side,  of  the  river,  to  protect  the 
adjoining  agricultural  lands,  and  thus  grew  up  an  extensive  levee 
system  which  is  now  maintained  at  great  expense.  The  lower  river, 
from  a  narrow  mountain  stream  in  1850,  is  now  filled  with  sand 
and  gravel  so  that  its  bed  is  nearly  3  miles  wide  in  places,  with  an 
average  width  of  about  2  miles.  This  abnormal  width,  lying  be- 
tween the  lines  of  levees,  extends  up  the  river  from  Marysville  to 
Daguerre  Point,  in  all  about  9  miles.  About  25  sq.  miles  are 
covered  with  mining  debris.  The  depth  of  fill  varies  from  about 
Yi  ft.  at  Marysville  to  26  ft.  at  Daguerre  Point  and  84  ft.  at 
Smartsville.  A  short  distance  east  from  Marysville  the  bed  of  the 
river  is  now  13  ft.  above  the  level  of  the  surrounding  farms.  It  is 
plain  that  any  accident  to  the  levees  near  Marysville  would  mean  a 
disaster  to  the  town. 

The  quantity  of  material  lodged  in  the  river  due  to  mining  has 
been  variously  estimated  at  from  71 000  000  to  700  000  000  cu.  yd., 
but  it  seems  safe  to  say  that  there  are  now  upwards  of  333  000  000 
cu.  yd.  in  the  bed  of  the  lower  Yuba.  This  material  varies  in 
character  from  cobbles,  near  Smartsville,  to  an  impalpable  powder 
near  Marysville,  being  distributed  along  the  river-bed  from  coarse 
to  fine  as  the  slopes  diminish.  These  slopes  decrease  from  about 
15  ft.  per  mile  near  Smartsville  to  about  5  ft.  per  mile  at  Marysville. 

*  Appendix  MM,  Annual  Report,  Chief  of  Engineers,  U.  S.  Army,  1882. 
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Not  even  a  faint  conception  can  be  had  of  the  vast  body  of  min- 
ing material  in  this  river,  without  seeing  the  river-bed  at  low  water. 

The  Bear  River  shows  greater  depths  of  mining  detritus  than 
the  Yuba,  but  the  quantities  are  not  as  large,  the  caiion  of  the  Bear 
being  steeper  and  narrower.  The  best  information  available  leads 
to  the  conclusion  that  the  Bear  River  is  filled  150  ft.  deep  at  the 
crossing  between  Little  York  and  You  Bet.  The  quantities  lodged 
in  the  Bear  River  were  roughly  estimated  at  QQ  000  000  cu,  yd.  in 
1891.* 

The  Feather,  the  American,  Consumnes,  Calaveras,  Mokelumne 
and  other  tributaries  of  the  Sacramento  are  all,  in  greater  or  less 
degree,  affected  in  the  same  way. 

The  Sacramento  River  itself  shows  unmistakable  signs  of  con- 
siderable fill,  largely  due  to  mining  detritus.  Since  1849  the  low- 
water  plane  at  Sacramento  has  been  raised  about  7J  ft.,  causing  a 
reduced  carrying  capacity  for  its  flood  waters  and  requiring  prop- 
erty owners  to  build  levees  to  protect  themselves  from  floods.  The 
available  depth  for  navigation,  however,  has  remained  about  the 
same.  The  quantity  of  debris  in  the  river  is  estimated  at  108  000  000 
cu.  yd.t 

A  comparison  of  charts  shows  that  the  bar  across  the  entrance 
to  San  Francisco  Bay  has  not  deteriorated  noticeably,  nor  the  chan- 
nels within  the  bay  diminished  in  depth,  but  shoaling  on  the  areas 
along  the  flanks  of  the  channels  is  perceptible,  and  the  channels  are 
slowly  narrowing.  In  Suisun  Bay  the  area  of  shoals  is  increasing, 
and  at  Carquinez  Straits  there  are  indications  of  the  formation  of 
large  deposits.^ 

Duties  of  the  Commission. — Such,  then,  was  the  condition  that 
confronted  the  first  Commission  in  1893.  To  check  the  injury  to 
navigable  streams  at  once,  to  prepare  plans  for  the  improvement  of 
their  navigability  by  restraining  works,  and  to  rehabilitate  hydraulic 
mining  as  far  as  practicable,  were  the  duties  imposed  upon  this 
Commission  by  the  Act.  The  supply  of  new  detritus  from  hydraulic 
mines  had  by  that  time  been  mainly,  if  not  entirely,  stopped  by  in- 
junctions of  the  Federal  and  State  Courts,  prohibiting  all  such  min- 
ing, but  the  flow  of  debris  was  still  continuing,  due  to  the  washing 

*  Appendix  MM,  Annual  Report,  Chief  of  Engineers,  U.  S.  Army,  1882. 

t  Ex.  Doc.  No.  267,  House,  51st  Cong.,  2d  Session. 

t  Appendix  MM,  Annual  Report,  Chief  of  Engineers,  U.  S.  Army,  1882. 
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down  at  every  flood  of  a  part  of  the  enormous  quantities  already 
stored  in  the  upper  river  reaches  and  the  tributary  caiions.  The 
damage  once  started  could  not  be  vpholly  overcome  by  injunctions. 

In  designing  restraining  works  there  was  no  precedent  nor  pre- 
vious experience  from  which  valuable  lessons  might  be  learned  by 
the  new  Commission,  but  everything  had  to  be  originated  de  novo 
as   no   such  condition  probably  exists   elewhere   in  the  world. 

In  addition  to  all  this,  the  miners  were  clamoring  for  permission 
to  resume  mining  under  the  new  law,  insisting  that  they  be  told  of 
the  restrictions  so  that  they  might  comply  with  the  law,  if  found 
practicable,  and  be  permitted  to  resume  their  business  legally. 

The  first  efforts  of  the  Commission  were  thus  directed  to  making 
examinations  of  the  mining  regions,  in  order  to  see  what  relief  could 
be  given  the  miners. 

It  was  found  in  many  cases  that  the  construction  of  dams  in  the 
canons  below  the  mines  would  store  all  the  material  that  would  be 
moved,  and  in  some  cases  there  were  old  hydraulic  mine  pits  that 
could  be  filled  with  detritus  without  damaging  the  lower  rivers. 
Other  expedients  were  studied,  but  the  method  of  using  dams  across- 
the  ravines  and  caiions  below  the  mines  was  found  most  satisfac- 
tory for  the  general  case. 

Impounding  Dams. — Various  kinds  of  dams  were  tried:  stone,, 
earth,  brush  and  rock,  log-crib  filled  with  rock,  and  many  others. 
After  twelve  years  of  experience  it  has  been  found  that  the  usual 
small  mine  where  impounding  dams  can  be  used  will  need  one  of 
two  general  types — either  log-crib  dams  or  brush  dams. 

There  are  special  cases,  of  course,  when  other  kinds  of  dams  are 
needed,  but  these  two  types  are  most  common  for  the  smaller  mines,.' 
and   printed   specifications   for   these   dams   with   a   cut   explaining 
their  construction  has  been  prepared  by  the  Commission. 

The  log-crib  is  the  usual  type.  It  consists  of  a  ''cob-house"  crib 
made  of  large  logs  which  are  notched  and  drift-bolted  together.  It 
is  filled  with  quarried  rock  and  chinked  against  leakage.  This  type 
of  dam  is  seldom  built  more  than  40  ft.  high,  this  being  the  limit  of 
safety  placed  by  the  Commission  for  the  usual  case.  These  dams 
are  very  satisfactory  for  their  purpose  when  well  made.  As  long  as 
they  are  kept  wet  they  are  practically  permanent,  and  in  those  loca- 
tions where  the  logs  rot,  due  to  being  dry  part  of  the  time,  the  rock 
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being  angular  and  well  bedded   in   gravel   will  resist  erosion   long 
after  the  logs  have  failed  to  bind  tlie  dam  together. 

The  brush  dam  is  less  used,  as  it  is  permitted  usually  only  when 
the  water-flow  over  the  dam  is  small,  or  when  the  river  is  diverted 


ONE  POCKET  OF  LOG  CRIB  D^RI 

BEFORE  CHINKING  OR  FILLING 


Down-Stream  Face  of  Crib, 
batter  I  ou  10 


— ^_  Up-stream  Face  of  Crib,  Vertical 


SKETCHES  SHOWING  METHODS  OF  CHINKING  DOWN-STREAM  FACE 
Fig.  1. 


through  a  spillway  at  one  end,  and  only  when  the  slope  of  the  canon 
above  is  slight.  These  brush  dams  are  not  permitted  more  than 
20  ft.  in  total  height. 

Figs.  1  and  2,  with  the  specifications  and  the  photographs  here- 
with will  show  plainly  their  construction  in  both  cases. 
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General  Instructions  for  Log-Crib  Debris  Dams. 

Approved  by  the  California  Debris  Commission,  January  IStli,  1904. 

1. — The  bottom  and  sides  of  the  dam  are  to  be  founded  on  bed- 
rock, and  the  ends  of  the  timbers  set  into  bed-rock  wherever  prac- 
ticable, so  as  to  provide  a  shoulder  against  which  the  dam  may  rest 
to  resist  the  pressure  of  the  debris  when  impounded. 

2. — The  dam  will  consist  of  a  down-stream  and  an  up-stream 
wall  of  logs  connected  by  cross-logs  running  up  and  down  stream, 
the  walls  of  cross-logs  to  be  not  more  than  16  ft.  apart. 

3. — All  logs  are  to  be  as  large  as  practicable,  and  to  be  well 
notched  and  drift-bolted  together  at  crossings. 

4. — The  distance  between  the  up-stream  and  down-stream  walls 
of  logs  is  to  be  not  less  than  one-half  the  proposed  finished  height  of 
the  dam,  and  in  no  case  less  than  15  ft. 

5.^ — The  up-stream  wall  is  to  be  vertical,  and  the  down-stream 
wall  is  to  have  a  slight  slope  up  stream  of  about  1  ft.  in  every  10  ft. 
in  height. 

6. — The  spaces  between  the  logs  in  the  down-stream  wall  are  to 
be  closed  by  small  logs  laid  inside  the  dam,  or  by  brush,  as  shown  in 
Fig.  1. 

7. — The  dam  is  then  to  be  filled  with  stone  and  chinked  with 
fine  brush,  leaves,  etc.,  so  that  while  mining  is  in  progress,  it  will 
maintain  a  pool  of  water  at  least  2  ft.  deep. 

General  Instructions  for  Brush  Debris  Dams. 

Approved  by  the  California  Debris  Commission,  January  18th,  1904. 

1. — Brush  dams  should  be  built  of  live  strong  brush  at  least 
10  ft.  long.  All  large  limbs  should  be  hacked  with  an  axe,  but  not 
cut  off,  and  then  bent  back  to  lie  compactly.  Small  twigs  and 
leaves  should  be  left  on.  The  poles  used  should  be  not  less  than 
4  in.  in  diameter  and  not  more  than  12  in.  The  poles  should  be  well 
trimmed,  and  as  long  as  practicable. 

2. — The  dam  should  be  built  along  a  straight  line,  as  follows: 
Level  off  the  foundation.  On  this  lay  the  brush  closely,  with  the 
butts  in  a  line  and  pointed  down  stream.  This  should  make  a 
thick,  compact  layer.  On  top  of  this  layer  and  at  right  angles  to 
the  brush  lay  a  pole  about  2  ft.  back  from  the  ends  of  the  butts, 
which,  with  other  poles  like  it,  should  extend  entirely  across  the 
stream. 

3. — A  layer  of  gravel  or  small  stone  is  then  placed  on  the  layer 
of  brush  as  high  as  the  thickness  of  the  pole.     On  this  layer  of 
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gravel  place  another  heavy,  compact  layer  of  brush  as  before,  butts 
down  stream  and  tips  up  stream,  on  which  lay  another  row  of  poles 
across  the  stream.  Then  place  another  layer  of  gi'avel  as  before, 
and  so  continue  until  the  dam  is  of  the  required  height.  The  dam 
should  then  consist  of  alternate  thick  layers  of  brush  and  thin  layers 
of  gravel,  each  two  layers  of  brush  separated  by  a  row  of  poles. 
See  Fig.  2. 

4. — The  poles  should  be  placed  so  that  each  row  is  somewhat 
back  of  the  row  below,  so  that  the  whole  down-stream  face  of  the 
dam  when  completed  will  have  a  slope  of  about  3  horizontal  to  4 
vertical,  and  so  that  the  butts  of  the  brush  will  be  about  2  ft.  higher 
than  the  tips.  Each  row  of  poles  should  be  strongly  wired,  every 
4  ft.,  to  the  row  of  poles  below. 

5. — The  dam  must  be  tightened  against  leakage,  with  gravel 
and  fine  brush  thrown  on  the  tips  of  the  brush,  so  that,  when  the 

BRUSH  RESTRAINING  DAM 

SHOWING  METHOD  OF  CONSTRUCTION 
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Fig.  2. 

mine  is  being  worked,  a  pool  of  water  at  least  2  ft.  deep  will  be 
always  maintained. 

Bequiremenfs  for  a  License. — Before  being  permitted  to  mine, 
under  the  United  States  laws,  the  hydraulic  miner  must  have  a 
license,  or  permit,  from  the  California  Debris  Commission.  In  order 
to  obtain  this  license,  he  must  submit  an  application,  or  petition,  on 
the  form  supplied  by  the  Commission,  in  which  he  states  under  oath 
the  location  and  description  of  his  mine,  its  extent,  the  source  and 
quantity  of  his  water  supply,  the  dimensions  and  grade  of  his  sluice 
boxes,  what  restraining  works  he  proposes,  the  precipitation  of  rain 
and  snow,  the  drainage  area  above  his  mine,  and  several  other  items 
of  information  which  affect  the  flow  of  detritus.  This  application 
is  advertised  in  newsiiapers  for  three  weeks,  to  permit  any  protests 
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to  be  filed  with  the  Commission.  If  no  protests  are  received,  an 
inspection  of  the  mine  and  its  impounding  facilities  is  made,  and 
the  location  and  kind  of  restraining  dam  decided  upon  in  consulta- 
tion with  the  owners  of  the  mine.  An  order  is  sent  by  the  Commis- 
sion to  construct  the  restraining  works  decided  upon,  and  later  an- 
other inspection  is  made  when  the  works  are  completed.  If  these 
works  are  found  satisfactory  on  this  second  inspection,  a  revocable 
license  to  mine  is  issued.  Monthly  reports  are  then  required  from 
the  mines  thus  licensed,  showing  the  quantity  of  material  mined  and 
the  condition  of  the  dams. 

Inspections. — Frequent  inspections  are  made  to  ascertain  whether 
dams  are  kept  in  repair,  whether  there  is  always  ample  storage 
capacity,  and  whether  any  mines  are  operating  without  licenses  or 
without  dams.  For  this  purpose  several  employees  of  the  Commis- 
sion, often  a  Deputy  United  States  Marshal,  are  constantly  inspect- 
ing during  the  mining  season,  and  members  of  the  Commission  visit 
mines  from  time  to  time  whenever  a  special  inspection  is  needed. 
The  cost  of  these  inspections,  of  advertising  applications,  and  the 
expenses  of  keeping  the  records  of  the  mines,  their  reports,  etc.,  in 
the  office,  are  all  borne  by  the  United  States,  the  mine  owners,  of 
course,  building  and  maintaining  at  their  own  expense  the  restrain- 
ing works  required. 

The  task  of  inspecting  mines  and  keeping  their  records  is  no 
small  one.  The  mining  area  covers  about  450  miles  in  length  and 
40  miles  in  breadth  of  rough  and  mountainous  country  which  must 
be  covered  several  times  each  mining  season  by  the  inspectors. 
This  is  necessary  to  prevent  illegal  operations  and  to  maintain  con- 
trol of  the  licensed  mines.  The  number  of  applications  for  licenses- 
now  reaches  727,  the  greater  proportion  of  which,  however,  are  not 
now  in  force.  A  card  index,  with  lists  arranged  according  to 
counties  and  consecutive  numbers,  is  necessary  to  keep  accurate 
record  of  the  conditions  at  each  place. 

Mining  without  licenses,  or  even  dams,  and  the  use  of  various 
tricks  to  avoid  building  and  maintaining  dams  are  practiced  to  a 
limited  degree,  but  it  is  seldom  that  legal  steps  are  necessary  to 
stop  this  sort  of  illegal  operation.  Careful  and  frequent  inspections,, 
with  occasional  warnings,  are  usually  all  that  is  necessary  to  pre- 
vent all  illegal  mining  of  any  importance. 
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Fig.  1.— Bank  of  a  Hydraulic  Mine  (Not  in  Operation)  in  Nevada  County,  Showing 
Great  Depth  of  Excavation. 


Fig.  2.— Dishonest  Sluice,  with  Concealed  Trap,  Partly  Open,  to  Permit  Tailings  to 
Pass  into  a  Side  Ravine,  Instead  of  Into  the  Authorized  Settling  Basin. 
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In  this  way  the  debris  from  hydraulic  mining  has  been  regulated 
80  that  very  little  is  now  added  to  the  old  supply.  These  restrictive 
measures,  unfortunately,  have  been  too  great  to  permit  the  resump- 
tion of  hydraulic  mining  on  the  large  scale  formerly  followed,  but, 
on  the  other  hand,  they  have  permitted  many  mines  to  operate  that 
otherwise  would  have  had  to  remain  idle. 

There  are  now  mined  nearly  1  000  000  cu.  yd.  each  year,  which 
are  stored  in  the  canons  and  ravines  behind  debris  dams  specially 
constructed  for  the  purpose.  Under  the  restrictions  imposed,  the 
lower  rivers  are  now  slowly  improving.  The  Sacramento  River  is 
gradually  lowering  its  low-water  plane  at  Sacramento,  and  the  effect 
of  the  tide  is  beginning  to  increase.  Both  of  these  indications  are 
distinctly  favorable. 

Protection  of  the  Navigable  Rivers. — The  other  side  of  the  Com- 
mission's duty  is  the  study  of  the  rivers  of  the  Sacramento  and  San 
Joaquin  systems,  with  a  view  to  the  preparation  of  plans  for 
the  treatment  of  these  streams  and  their  tributaries  so  that  the  in- 
jurious mining  detritus  may  be  kept  out  of  the  navigable  rivers, 
and  the  streams  restored  to  their  former  condition  of  navigability 
as  far  as  may  be  needed. 

The  first  step,  after  preventing  the  operation  of  mines  where 
debris  was  not  properly  impounded,  was  the  treatment  of  the  larger 
tributaries  to  prevent  the  enormous  quantities  now  in  their  beds 
from  reaching  the  navigable  streams. 

In  1881  the  State  of  California  built  a  brush  dam  in  the  Yuba 
and  one  in  the  Bear  River,  with  a  view  to  impounding  debris  up  to 
the  crest  of  the  dams.  These  dams  were  only  a  few  feet  high  and 
were  constructed  of  brush,  gravel  and  sand-bags.  They  were  neces- 
sarily founded  on  the  unstable  gravel  bed  of  the  river.  Neither 
dam  withstood  the  first  high  water.  Both  streams  have  widely 
varying  discharges,  the  Yuba  ranging  from  about  300  cu.  ft.  per  sec. 
in  the  summer  and  autumn  to  about  80  000  or  90  000  cu.  ft.  per  sec. 
during  floods.  The  Bear  River  varies  from  about  10  cu.  ft.  per 
sec.  during  the  summer  low  water  to  an  estimated  flood  discharge 
of  about  15  000  cu.  ft.  per  sec. 

With  these  flood  volumes  it  is  evident  that  any  dam  to  hold,  if 
built  on  the  treacherous  gravel  of  the  river  bed,  mvist  be  of  con- 
siderable strength. 


112  CONTROL  OF   HYDRAULIC   MINING.  [Papers. 

General  Principles  of  Improvement. — In  undertaking  the  for- 
mulation of  a  plan  for  these  rivers,  the  Engineer  Officers  adopted  a 
general  line  of  work  that  was  believed  to  be  applicable.  It  con- 
sisted of  three  divisions : 

1. — The  construction  of  moderately  high  dams  in  the  foothills 
where  the  rivers  emerge  into  the  valleys,  and  where  the  value  of 
land  is  not  great.  These  dams,  being  located  where  the  slopes  in 
the  river-bed  are  comparatively  high,  were  placed  there  with  a  view 
to  sorting  the  heavy  material,  that  will  stand  on  high  slopes,  from 
the  fine  material  that  will  not,  thus  storing  this  heavy  material 
where  it  will  be  impounded  cheapest. 

2. — Embankments  and  basins  lower  down  the  river,  forming 
settling  pools,  where  the  slopes  are  flatter  and  where  practically  all 
the  finer  material  can  be  deposited  at  all  except  high  stages  of  the 
river  by  bringing  the  flowing  water  almost,  if  not  entirely,  to  rest. 

3. — Training  walls  in  the  remainder  of  the  lower  river,  to  con- 
fine the  flow  in  selected  channels,  so  that  the  large  quantities  of 
debris  now  in  the  river  beds,  outside  these  walls,  should  not  be  over- 
flowed, and  thus  could  lie  undisturbed  indeflnitely. 

After  investigating  various  other  plans,  it  was  believed  that  the 
application  of  these  principles  would  hold  back  all  the  debris  that 
could  be  impounded,  and  would  offer  the  best  solution  of  the  problem. 

Yuha  River. — It  was  decided  to  commence  the  work  of  restrain- 
ing the  debris  of  the  Yuba  River,  as  this  stream  has  suffered  more 
from  mining  detritus  than  any  other  in  California,  and  is  causing 
the  most  trouble  in  the  navigable  rivers.  If  the  difficulties  could  be 
surmounted  in  this  stream,  the  methods  found  best  adapted  to  the 
purpose  would  likely  be  more  easily  applied  to  the  other  rivers. 

After  a  study  of  several  years,  and  after  extended  surveys  in 
which  numerous  borings  were  made,  a  plan  was  adopted  by  the 
Commission  and  submitted  to  Congress  in  1900.  Much  credit  is 
due  to  Mr.  Hubert  Vischer,  Assistant  Engineer,  whose  work  on  this 
plan,  under  direction  of  the  Commission,  has  been  of  much  value. 
The  plan  has  since  been  modified  from  time  to  time  as  the  progress 
of  the  work  rendered  necessary.  The  estimated  cost  was  $800  000, 
of  which  the  State  of  California,  under  the  provisions  of  the 
Caminetti  Act,  pays  one-half.  This  project  was  adopted  by  Con- 
gress and  funds  appropriated  therefor. 
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Fig.  1. — A  Brush  Dam  in  Calaveras  County. 


Fig.  2.— a  Log-Crib  Dam,  with  Spillway,  in  Plumas  County. 
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The  project  provided  for: 

1. — Barriers  across  the  river  just  below  Smartsville,  to  hold  back 
the  coarse  detritus  coming  from  the  upper  reaches. 

2. — A  cut  at  Daguerre  Point  through  which  to  divert  the  river 
at  high  stages,  with  embankments  forming  a  settling  basin  for  im- 
pounding fine  material  during  the  remainder  of  the  year. 

S. — Training  walls,  about  2  000  ft.  apart,  extending  from  Da- 
guerre Point  to  the  Feather  River,  to  confine  the  flow  to  a  selected 
channel. 

Barriers. — The  barriers  are  to  be  a  system  of  weirs  extending 
across  the  river,  where  the  banks  are  high  enovigh  to  afford  large 


YUBA  RIVER,  CALIFORNIA, 

SMARTSVILLE  TO  MARYSVILLE 
SCALE  OF  MILES 


Fig.  3. 

impounding  capacity,  the  first  located  a  few  miles  below  Smarts- 
ville. This  first  barrier  was  the  only  one  estimated  for  in  the 
present  project,  but  it  was  to  be  supplemented  by  others  higher  up 
the  river  as  soon  as  it  was  filled,  the  others  to  be  located  and  built 
when  necessary. 

A  dam  of  brush,  rock  and  gravel  was  first  proposed,  with  a  row 
of  Wakefield  sheet-piling  20  ft.  deep  to  protect  the  toe.  It  was 
found  impracticable  to  drive  the  sheet-piling  on  account  of  the 
coarse  and  heavy  material  of  the  river-bed,  and,  therefore,  this  type 
was  abandoned  after  several  hundred  feet  of  it  had  been  placed  with 
much  difficulty.  This  portion  afterward  washed  out  during  a  flood 
in  the  winter  of  1903-04. 

A  modified  brush  barrier  was  then  tried  by  the  Commission.  It 
was  a  "cob-house"  construction  of  brush  fascines  forming  pens  5  ft. 
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square  with  an  elevation  of  4  ft.  above  the  river-bed.  These  pens 
were  filled  with  heavy  rock.  An  apron  20  ft.  wide  was  made  of  a 
mattress  of  brush  fascines  fastened  together  with  cables.  This  dam 
was  destroyed  by  the  first  high  water.  The  large  amount  of  drift 
carried  by  this  freshet  broke  apart  the  fascines  and  the  dam  soon 
disintegrated. 

The  design  next  tried  was  much  stronger.  It  is  anchored  to  the 
river-bed  with  piles,  and  tied  together  longitudinally  with  two  timber 
bulkheads.  The  first  step  of  this  dam,  6  ft.  above  the  river-bed,  is 
comprised  of  rock  fill  held  in  place  by  concrete  blocks  weighing 
about  10  tons  each,  molded  in  place  over  the  rock  fill,  and  connected 
with  wire  cables  embedded  in  the  concrete.  Leakage  is  checked  by 
the  timber  bulkheads.  A  broad  apron,  20  ft.  wide,,  with  a  6-ft.  lip, 
diminishes  the  scour  at  the  toe,  that  otherwise  might  undermine  the 
dam.     A  sloping  up-stream  face  prevents  damage  from  drift. 

It  is  thias  seen  that  most  of  the  weaknesses  of  the  previous  dams 
have  been  remedied  in  the  new  type.  This  dam  has  passed  success- 
fully through  its  first  high-water  season  without  any  sign  of  weak- 
ress,  and  is  the  first  dam  to  withstand  a  single  freshet  in  the  lower 
Yuba  River. 

The  dam  is  the  first  of  a  series  of  steps  of  which  the  ultimate 
barrier  will  be  composed  and  consists  of  four  rows  of  piles,  the  two 
upper  intervals  between  rows  being  10  ft.  and  the  interval  between 
the  third  and  fourth  rows  being  18  ft. 

Piles  are  at  6-ft.  centers  in  the  uppermost  row,  at  12-ft.  centers 
in  the  two  middle  rows,  and  at  3-ft.  centers  in  the  lowest  row. 
Every  12  ft.  the  piles  in  a  tier  up  and  down  stream  are  connected 
at  their  upper  ends  with  1-in.  galvanized-wire  cable.  A  timber 
bulkhead,  3  in.  thick,  is  spiked  to  the  up-stream  and  another  to  the 
down-stream  row  of  piles,  and  is  carried  as  deep  as  the  water  in  the 
river  would  permit. 

Between  the  first  two  rows  of  piles  is  placed  a  fill  of  rock  which 
w  as  brought  up  to  a  subgrade,  so  that  when  covered  by  the  concrete 
blocks,  li  ft.  thick,  the  height  of  the  barrier  would  be  6  ft.  above 
the  average  level  of  the  river-bed.  Concrete  blocks,  about  10  ft.  square 
and  li"  ft.  thick,  are  built  in  place  over  all  this  fill,  connecting,  by 
a  rollerway,  with  an  apron  20  ft.  wide  resting  on  the  river  bed  below 
the  dam. 
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Fig.  L— a  Log-Crih  Dam  in  Sierra  County,  Showing  Large  Timber  Used. 


Fig.  2.  —A  Brush  and  Rock  Dam  on  the  Yuba  River,  Subsequently  Destroyed  by 

High  Water. 
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The  up-stream  slope  is  protected  by  an  inclined  layer  of  large 
rock  laid  in  Portland  cement  mortar.  The  concrete  slabs  of  the 
top  surface  of  the  dam  and  those  of  the  apron  are  separated  from 
each  other  by  tar-paper  joints,  and  to  prevent  dislocation  by  the 
river  currents  are  connected  in  the  direction  of  the  stream  flow  vv^ith 
1-in.  galvanized  wire  cables,  3  ft.  apart,  embedded  in  the  concrete. 
The  cables  connecting  the  piles  referred  to  above  are  also  embedded 
in  a  narrow  strip  of  concrete  IS  in.  square,  which  helps  bind  the 
heads  of  the  piles  together  in  each  tier  and  separates  the  large  blocks. 

Excepting  these  narrow  strips,  the  concrete  slabs  rest  on  the 
river  bottom  only,  and  are  not  supported  on  the  piles.  They  are 
jointed  so  that  they  are  free  to  move  vertically,  the  cables  acting 
as  hinges. 

This  was  designed  to  permit  the  concrete  blocks  to  follow  down 
any  considerable  scour  under  the  apron,  should  it  occur,  and  thus 
prevent  any  serious  damage  to  the  dam  due  to  back-lash. 

The  weak  place  in  all  over-fall  dams  on  poor  foundations  is,  of 
course,  the  toe.  The  rollerway  and  apron  are  designed  to  help  to 
protect  the  river-bed  from  excessive  and  dangerous  velocities.  In 
addition,  an  extension  or  lip  of  masonry  6  ft.  wide  is  placed  below 
the  apron  to  carry  the  water  away  from  the  toe,  and,  if  under- 
scoured,  it  will  break  up,  fall  into  the  hole  and  ofier  protection 
against  further  scour.  This  action  occurred  near  the  south  bank 
for  a  short  length  during  the  high  water  of  1905,  and  was  found  to 
act  effectively  as  planned.  In  addition,  for  about  600  ft.,  the  dam 
at  the  south  end,  where  the  scour  was  believed  to  be  strongest,  was 
further  protected  by  large  rock  or  rip-rap  placed  at  random.  This 
protection,  which  may  be  considered  a  flexible  rip-rap  apron,  was 
added  to  during  the  next  season,  making  it  more  than  20  ft.  wide 
entirely  across  the  river-bed. 

The  south  end  of  the  dam  is  joined  to  the  bed-rock  of  the  river 
bank,  on  which  the  south  abutment  is  founded.  At  the  north  end, 
also,  a  concrete  abutment  was  built,  which  was  founded  on  piles,  to 
act  as  a  retaining  wall  for  the  earth  embankment  built  later  to  con- 
nect the  north  end  of  the  dam  with  the  shore.  The  north  shore  is 
composed  of  compactly  cemented  gravel  through  which  it  was  orig- 
inally planned  to  have  a  spillway  constructed  to  carry  the  river  at 
all  stages  except  flood.     During  construction,  the  entire  river  was 
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permitted  to  pass  between  this  abutment  and  the  north  shore,  before 
building  the  embankment,  so  that  the  first  step  was  constructed  en- 
tirely on  the  dry  river-bed.  When  the  time  came  to  close  this  gap 
through  which  the  river  flowed,  it  was  found  to  be  an  undertaking 
far  greater  than  was  anticipated,  as  there  were  about  1  200  to  1  300 
cu.  ft.  per  sec.  flowing  around  the  end  of  the  dam,  about  three  times 
the  flow  expected.  This  flow  had  to  be  lifted  more  than  8  ft.  over 
the  completed  structure. 

The  first  pile-work  placed  to  close  this  gap  failed  on  account  of 
the  pressure  of  the  water  and  the  serious  scour  which  took  place  in 
the  bottom  while  trying  to  close  the  opening.  Later,  more  piles 
were  placed  in  the  opening,  and,  by  the  liberal  use  of  brush  and  sand 
bags,  the  gap  was  finally  closed. 

Much  assistance  was  afforded  by  an  auxiliary  dam  or  levee  iu 
the  river,  I  mile  long,  hastily  built  to  divert  the  flow  over  the  dam 
and  away  from  the  cut.  More  than  20  000  sand  bags  were  used  in 
closing  this  gap,  as  no  rock  was  available.  As  soon  as  closed,  the- 
gap  was  filled  with  an  earth  embankment. 

The  experience  with  the  north  bank  near  the  end  of  the  dam  has- 
decided  the  Commission  to  change  the  location  of  the  permanent 
spillway  from  the  north  end  to  the  south  bank,  where  the  cut  will 
be  in  rock.  This  spillway  will  be  400  ft.  wide  on  the  lip  and  4  ft.. 
deep,  and  will  be  raised  as  the  dam  is  raised.  When  completed,  it 
will  take  a  flow  of  13  600  cu.  ft.  per  sec.  before  the  dam  comes  into- 
use,  so  that  the  river  will  be  carried  around  the  south  end  of  the 
dam  at  all  times  except  for  a  short  period  during  each  year  at  flood 
stages.  This  will  make  the  dam  when  completed  practically  per- 
manent and  easily  maintained. 

The  first  step  of  the  permanent  dam  having  proved  so  satisfac- 
tory, the  Commission  decided  to  build  the  second  step  during  the 
following  low-water  season,  and  contracts  were  let  in  May,  1905. 
This  work  is  now  completed.  The  elevation  of  the  second  step  is 
8  ft.,  making  the  total  height  of  the  dam  14  ft.  The  general 
features  of  this  second  step  are  the  same  as  those  of  the  first  step. 

In  the  same  way,  it  is  expected  to  put  a  step  about  8  ft.  high  on 
the  dam  as  often  as  conditions  warrant.  In  this  way  the  ultimate 
height  of  the  dam  (36  ft.)  will  be  reached  by  successive  steps.  This 
method  was  found  advisable,  as  the  amount  of  work  possible  in  the 
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Fii:.  I. -Barrier  No.  1,  Yuba  River,  Showi.ng  Method  of  Construction. 


Fia.  2.— First  Step,  Barrier  No.  1,  Yuba  River,  Completed.  Ready  to  Turn  the 
River  Over  the  Dam. 


Papers.]  CONTROL   OF   HYDRAULIC    MINING.  117 

river-bed  during  the  low-water  season  is  limited,  and  time  must  be 
given  to  the  river  to  till  each  step  with  gravel. 

The  first  step,  already  built,  has  been  filled  with  gravel  to  its 
crest  since  the  first  heavy  freshet,  and  gravel  as  large  as  pigeons' 
eggs  has  been  rolled  over  the  top  of  the  dam  for  several  months. 
This  has  given  rise  to  considerable  wear  of  the  concrete,  in  some 
places  more  than  2  in.  deep  during  the  winter. 

It  is  thus  plainly  seen  that  the  dam  as  a  whole  is  a  gravel-fill 
dam  sluiced  into  place  by  the  river  itself,  the  down-stream  slope  of 
which  is  composed  of  a  layer  of  concrete  blocks  having  a  general 
inclination  of  about  1  vertical  to  3^  horizontal.  The  concrete  over- 
lies a  rock  fill  held  in  place  by  a  framework  of  anchor  piles  and 
timber  bulkheads. 

The  concrete  for  this  work  was  made  of  gravel  taken  from  the 
river-bed.  It  was  screened  and  measured  in  order  to  get  the  pro- 
portions of  the  various  sizes  decided  upon.  The  materials  were 
unusually  clean,  white  qtiartz  sand,  gravel  and  small  cobbles.  Cobbles 
were  selected  that  would  pass  a  2-in.  ring  and  be  held  by  a  1-in. 
ring,  gravel  that  would  pass  a  1-in.  ring  and  be  held  by  a  j-in.  ring, 
and  sand  passing  a  ^-in.  opening  was  used,  care  being  taken  to 
select  sand  from  places  in  the  bed  where  but  little  fine  material  was 
found.  A  number  of  experiments  for  voids  were  made,  all  showing 
that  the  interstices  in  each  size  varied  from  32  to  35  per  cent.  The 
average  was  about  33%,  which  was  assumed  to  be  the  average  for 
each  size.  The  proportions  used  were:  1  cement,  2  sand,  2  gravel, 
and  4  small  cobbles,  for  the  first  season's  work,  and  an  additional 
volume  of  gravel  was  added  for  the  second  season's  contract,  making 
the  proportions  1,  2,  3,  4.  The  concrete  was  hand-mixed  in  the 
first  year  and  machine-mixed  in  the  second  year,  effecting  a  great 
saving  in  cost  to  the  contractors  for  the  later  work.  A  local  brand 
of  Portland  cement  was  used.  The  resulting  concrete  was  thor- 
oughly satisfactory  for  the  purpose.  A  wearing  surface  of  1  to  3 
mortar,  2  in.  thick,  was  placed  over  the  concrete  in  the  first  year, 
but  this  wore  through  in  places  with  the  abrasion  caused  by  the 
gravel  which  passed  over  the  dam.  It  was  found  that  the  quartz 
aggregate  of  the  concrete  was  the  best  to  resist  the  abrasion,  and 
the  surfacing  will  probably  be  omitted  in  the  future. 

Cost. — The  first  piling  was  purchased  under  contract,  but  driven 
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by  the  United  States,  because  it  was  not  believed  advisable  to  con- 
tract for  this  vpork  at  first,  as  the  risk  was  considerable,  and  it  was 
freely  predicted  by  some  engineers  that  no  piles  could  be  driven  in 
the  bed  of  the  Yuba  River  at  that  place.  Excepting  delay  due  to 
overturning  and  wrecking  the  driver  twice  by  high  water,  this  work 
was  carried  to  completion  without  notable  difficulties,  888  piles  be- 
ing driven  with  an  ordinary  land  driver  equipped  with  a  20-h.  p. 
Lidgerwood  engine  and  a  3  500-lb.  hammer  working  in  45-ft.  gins. 
The  driving  was  difficult,  each  ijile  requiring  from  150  to  250  blows. 
The  piles  cost  from  19  to  23  cents  per  ft.  delivered  in  Marysville, 
and  10  cents  per  ft.  to  haul  to  the  site  of  the  work,  17  miles  further. 
This  made  each  pile  cost  about  $12.  The  driving  cost  $5.02  per 
pile,  making  the  cost  of  each  pile  in  place  about  $17.  Including 
experiments  with  water-jet  and  accidents,  the  cost  was  $19.74.  This 
price  was  considered  high  at  the  time,  but  the  work  under  the  con- 
tractor for  the  piling  of  the  second  step,  in  the  spring  of  1905,  has 
exceeded  this  price.  Under  contract,  the  new  piling  for  the  second 
step  has  cost  the  Commission  31i  cents  per  ft.  per  pile  delivered  at 
the  site  of  the  work,  making  each  pile  cost  $12.60.  The  contract 
price  for  driving  is  $7.60,  making  each  pile  under  contract  cost 
$20.20  in  place. 

Portland  cement  costs  $2,785  per  bbl.  delivered  at  the  site  of  the 
work.  It  was  furnished  by  the  contractor  during  the  first  season, 
but  by  the  United  States  during  the  second. 

The  cost  of  the  work  on  the  first  step,  including  the  abutment, 
is  shown  in  Table  1,  the  prices  including  placing: 

TABLE  1. 

Excavation 6  470         cu.  yd.  at  §0.:50 -SI  941 . 00 

Lumber 61  655         ft.,  B.  M..  at  #40.00 2  466. 20 

Loose  brush 95          cords           "       3.50 332. 50 

Large  rock 2  411.75     tons            '-       2.00 4  823. 50 

Large  rock  in  cement. .    1  621.307  cu.  yd.       "       7.00 11  .349.15 

Small  rock  fill 4  2.51          tons            "       1.00 4  251 .  00 

Cable  30  300         liu.  ft.         "       0.18 5  454.00 

Concrete 3  754.2      cu.  yd.        '^       7.50 28  156. 50 

Extra  work 1  300. 19 


Total..' $60  073.95 
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Fig.  ].— First  Attempt  to  Divert  River  Flow  Over  the  Barrier.     Unsuccessful. 


Fig.  2. 


-Portion  of  River  Channel  Used  During  Construction,  Closed, 
Preparatory  to  Filling  with  Earth  Embankment. 
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At  the  prices  given  in  Table  1  only  a  small  profit  was  made  by 
the  contraetor,  according  to  memoranda  kept  by  the  engineers  dur- 
ing the  progress  of  the  work. 

The  entire  dam,  including  piles,  but  not  the  north  abutment 
and  embankment,  cost,  in  round  numbers,  $78  613,  or  about  $63 
per  lin.  ft. 

The  construction  of  the  first  step  of  the  barrier  was  successful, 
and  its  behavior  was  satisfactory  during  the  high  water  of  the  past 
winter.  This  enabled  the  Commission  to  take  up  the  construction 
of  the  second  step  of  8  ft.  higher  during  the  following  low-water 
season.  Accordingly,  a  contract  was  let  in  February,  1905,  for 
delivering  400  piles  at  the  site  of  the  work  at  31^  cents  per  lin.  ft., 
this  cost  being  made  up  of  about  21 J  cents  on  the  cars  at  Marysville 
and  10  cents  for  hauling  them  17  miles  to  the  barrier.  A  separate 
contract  was  let  in  February  for  driving  the  piles  at  $7.60  per  pile. 
All  piles,  335  in  number,  were  driven  by  June  15th,  1905. 

The  piles  were  40  ft.  long,  driven  to  30  ft.  penetration  in  the 
river-bed,  leaving  10  ft.  standing  for  the  step,  including  a  small 
cut-off. 

A  contract  was  let  for  the  main  part  of  the  second  step  in 
April,  and  by  June  15th,  1905,  work  was  commenced.  The  main 
features  of  the  second  step  are  similar  to  those  of  the  first  step,  and 
are  shown  on  Plate  VII.  The  work  was  carried  on  without  inter- 
ruption from  high  water,  as  had  happened  twice  in  constructing 
the  first  step,  and  by  November  25th,  1905,  had  been  completed. 
In  carrying  on  this  work,  the  entire  river  flow,  amounting 
in  the  late  summer  to  only  about  300  cu.  ft.  per  sec,  was  thrown 
into  a  selected  channel  at  the  south  end  of  the  barrier,  which  was 
protected  from  scour  by  brush  mattress  loaded  with  rock.  This 
enabled  the  entire  dam,  of  about  1  250  ft.  length,  except  about  120  ft. 
at  the  south  end,  to  be  constructed  in  the  dry  bed  of  the  river.  Upon 
the  completion  of  the  main  work,  a  double  row  of  piles  at  this  south 
end,  specially  provided  for  this  purpose,  was  bulkheaded  and  then 
filled  with  rock.  This  formed  a  coffer-dam  around  the  unfinished 
end  of  the  dam,  which  thus  turned  the  water  over  the  main  dam, 
permitting  the  small  unfinished  section  to  be  ^3uilt  without  inter- 
ference. 

A  flexible  apron  of  rip-rap  rock,  20  ft.  wide,  was  laid  across  the 
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river-bed  below  the  toe  of  the  first  step  to  protect  the  bottom  from 
scour.  Rocks  weighing  from  500  lb.  to  2  tons  were  selected  for  this 
portion  of  the  dam,  5  472  tons  being  used.  This  will  be  added  to, 
during  each  low-water  season,  as  needed.  A  south  abutment  was 
commenced,  of  which  the  only  portion  built  was  that  necessary  to 
provide  for  foundations  for  future  work.  This  abutment  is  founded 
on  rock,  and  will  form  a  part  of  the  spillway  to  be  built  later  at 
this  end. 

The  contract  prices  and  the  quantities  used  for  this  second  step 
are  given  in  Table  2. 

TABLE  2. 

Excavation 2  985  cu.  yd.  at  $0.75  per  cu.  yd .^2  238. 75 

Embankment 11520       "       "     0.30     ''         "    3  456.00 

Bulkhead  lumber. . .  61  000  ft.  B.  M.  at  S25.00  per  M 1  525. 00 

Rock  fill 13  223  tons  at  $0,875  per  ton 11  .570. 13 

Large  rock 5  409    "     "      2.00      "     " 10  818.00 

Concrete 4  156  cu.  yd.  at  $4.25  per  cu.  yd 17  663.00 

Wire  cable 15  600  lin.  ft    "     0.15    "    lin.  ft 2  340. 00 

Brush  mattress 560  sq.  yd.  "     0.70    "    sq.  yd 392.00 

Sand  bags 1  600  at  $0.07  each 112. 00 


Total $50  114.88 

Records  kept  during  progress  of  the  work  show  that  the  con- 
tractors made  no  profits  at  these  figures. 

To  the  total  in  Table  2  must  be  added  the  cost  of  cement,  4  100 
bbl.  at  $2,785  per  bbl.,  the  cost  of  piles,  $6  556,  furnished  under  other 
contracts,  and  the  cost  of  superintendence  and  inspection,  amount- 
ing to  $2  264. 

The  cost  of  the  second  step,  not  including  the  abutments  or  the 
rip-rap  apron  below  the  dam,  is  $37  575,  or  $30.06  per  lin.  ft. 

The  rip-rap  protection  below  the  apron,  placed  during  1905, 
consists  of  5  472  tons  of  large  rock,  costing  in  all  $13  604,  or  $11.83 
per  lin.  ft. 

The  cost  of  the  entire  work  of  construction  of  the  first  two 
steps,  but  not  including  the  end  abutments,  has  been  $129  792,  or 
$103.83  per  lin.  ft. 

Daguerre  Point  Section.— Tlhe  plans  for  the  treatment  of  the 
intermediate  section  of  the  Yuba  River  involve  the  construction  of 
high   embankments   of   river   gravel   extending   entirely   across   the 
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Fig.  1.— Piling  Completed  for  .Second  Step  op  Barrike. 


Fig.  2.— Second  Step  of  Barrier  Nearly  Completed. 
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river  in  a  V -shape,  with  the  apex  up  stream,  the  down-stream  ends 
connecting,  one  with  Daguerre  Point  on  the  north,  and  the  other 
with  a  high  knoll  on  the  south  bank.  These  barriers  are  to  be  so 
high  that  they  will  never  be  over-topped. 

A  diverting  barrier  connects  the  apex  of  the  V  with  the  north 
shore,  diverting  to  the  south  all  water  below  the  elevation  of  its 
crest.  Through  Daguerre  Point  is  being  cut  a  channel,  600  ft. 
wide  and  25  ft.  deep,  through  which  will  pass  all  the  river  flow  at 
high  stages. 

On  the  south  bank,  regulating  works  will  admit  all  the  water 
turned  by  the  diverting  barrier,  up  to  a  limit  of  about  3  000  cu.  ft. 
per  sec,  passing  it  into  a  natural  depression  of  about  2  sq.  miles 
area,  adjoining  the  river  on  the  south.  These  works  will  exclude 
all  flow  greater  than  what  is  considered  safe,  compelling  the  excess 
to  pass  to  the  north  over  the  diverting  barrier  and  through  the  cut. 
This  plan  is  simply  taking  advantage  of  the  natural  regimen  of  the 
river. 

All  rivers  have  their  sections  of  active  erosion,  usually  where 
slopes  and  velocities  are  highest;  their  sections  of  transportation, 
where  slopes  and  velocities  are  sufEcient  to  carry  sediment,  but  not 
to  scour;  sections  of  sedimentation,  where  the  reduced  velocities 
permit  the  sediment  to  fall  and  form  deposits,  and  their  sections  of 
discharge. 

The  construction  of  the  embankments  and  the  use  of  a  large 
settling  basin  only  increase  the  natural  area  of  the  section  of  sedi- 
mentation. The  river  is  passed  into  an  area  where  the  velocities 
are  largely  checked,  although  not  entirely  overcome,  so  that  prac- 
tically all  their  load  of  sediment  is  dropped.  The  water  passing 
back  into  the  river  at  the  lower  end  of  the  basin  will  be  practically 
clear.  At  stages  of  the  river,  occurring  for  a  short  time  only  during 
each  year,  when  the  flow  of  water  through  the  settling  basin  would 
be  more  than  3  000  cu.  ft.  per  sec.  and  more  than  could  be  settled, 
the  regulating  devices  will  exclude  the  excess,  causing  it  to  pass 
into  the  cut.  As  the  river  is  below  this  limit  for  by  far  the  greater 
part  of  the  year,  this  will  happen  only  at  intervals,  and  then  at  such 
high  stages  that  the  velocities  are  thought  to  be  sufficient  to  carry 
whatever  fine  sediment  is  in  suspension  into  the  Feather  and 
Sacramento  Elvers,  which,  being  at  flood  at  the  same  time,  will 
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carry  the  sediment  into  the  tidal  currents  of  the  bay  and  thence  into 
the  ocean.  As  the  periods  of  such  high  water  are  short,  the  damage 
to  the  navigable  rivers,  if  any  should  result,  will  be  limited,  and 
will  in  any  case  be  less  than  the  river  can  repair  with  its  own 
scouring  action. 

The  work  of  excavating  the  cut  at  Daguerre  Point  has  been  in 
progress  for  more  than  two  years.  About  650  000  cu.  yd.  of  excava- 
tion have  already  been  removed,  and  the  work  is  now  nearing 
completion. 

A  steam  shovel  having  a  IJ-cu.  yd.  dipper  is  used,  the  exca- 
vated material  being  removed,  by  two  trains  of  about  10  cars  each,^ 
to  the  dump  at  the  north  side  of  the  entrance.  An  average  of 
30  000  cu.  yd.  per  month  is  required  under  the  contract,  which  will 
be  completed  by  the  close  of  the  calendar  year.  The  contract  price 
of  excavation  is  23^  cents  per  cu.  yd.  of  earth  and  90  cents  per 
cu.  yd.  of  rock  removed.  The  total  cost  of  this  cut  will  be  somewhat 
more  than  $160  000. 

Lip. — In  order  to  prevent  unusual  scour  through  this  cut,  which 
must  take  nearly  all  the  maximum  flow  of  the  Yuba  River,  amount- 
ing in  floods  to  as  much  as  90  000  cu.  ft.  per  sec,  and  perhaps 
more,  it  was  necessary  to  construct  an  inlet  wall  or  sill  at  the  en- 
trance. This  is  of  masonry,  and  is  sufficient  to  hold  the  bottom 
and  banks  in  its  vicinity  during  this  extreme  flow.  Accordingly, 
contracts  have  been  let  for  a  reinforced  concrete  sill  with  a  rein- 
forced concrete  abutment  at  the  north  end  and  with  a  rock  face  for 
an  abutment  at  the  south  end.  This  work  is  now  under  constrvic- 
tion.     The  length  will  be  about  700  ft. 

The  estimated  cost  of  the  work  is  given  in  Table  3,  the  prices 
being  those  of  the  contracts  now  in  force: 

TABLE  3. 

Excavation 2  200  cu.  yd.  earth,  at  .*1.00  per  yd.  S2  200 

200      "        rock,     "     1.50       "  300 

Back-fill 140      "                    "     1.00       "  140 

Embankment 300      "                     "     0.75       "  225 

Concrete 2  340      "                    "     5.00       "  11  700 

Plain  steel  bars 30  100  lb.                      "     0.06  per  lb.  1  806 

Twisted  steel  bars ... .      8300    ''                       ''     0.07       -  5S1 

Excavation  atentrance.  32  000  cu.  yd.  earth,  "     0.45  per  yd.  14  400 

1  000       "        rock,     "     0.45       "  450 

Total $31  802 
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Fig.  1.— Top  View  of  Barrier;  Second  Step  Nearly  Completed;  River  Passing 
Around  Farther  End. 


Fig.  2. 


-Second  Step  of  Barrier  Completed.     Debris  on  Steps  Will  Be  Removed 
BY  First  High  Water. 
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Ct'iiu'iit  is  I'urnislicd  by  the  (Commission,  and  costs  $2.25  per  bbl. 
in  Marysville  and  41  cents  per  bbl.  for  liauling  11  miles  to  the  site 
of  the  work. 

The  average  cost,  excluding  abutments  and  the  excavation  of 
material  in  the  entrance,  will  be  approximately  $35.40  per  lin.  ft.  of 
length  of  the  wall. 

It  was  originally  intended  that  the  United  States  should  build 
the  high  embankments  extending  across  this  part  of  the  river,  but 
before  operations  could  be  begun  it  was  found  that  a  gold  dredging 
company  had  secured  extensive  mining  rights  in  the  vicinity,  and 
that  this  promised  to  conflict  decidedly  with  the  plans  of  the  Gov- 
ernment. It  was  also  learned  that  the  company,  in  the  exercise  of 
its  rights,  proposed  to  dredge  for  gold  in  the  river-bed  just  where 
the  original  settling  basin  had  been  located.  After  considerable 
controversy,  an  amicable  agreement  was  reached  by  which  the  Com- 
mission was  enabled  to  obtain  a  larger  settling  basin  on  the  south 
side  of  the  river  in  exchange  for  the  location  first  adopted,  certain 
deeds  to  property  essential  to  the  project  were  secured,  and 
the  dredging  company  also  agreed  to  build  the  necessary  em- 
bankments free  of  cost  to  the  United  States.  The  area  mined  was 
to  be  returned  to  the  United  States  when  it  had  been  completely 
dredged,  for  such  use  as  could  be  made  of  it.  The  embankments 
were  of  considerable  value  to  the  dredging  company,  as  they  protect 
its  operations  during  high  water,  but  they  are  built  along  lines 
proposed  by  the  United  States  and  save  the  cost  of  construction  to 
the  United  States.  The  total  length  of  embankment  will  be  about 
2i  miles.  About  ^  mile  has  been  built  already  with  only  two 
dredges.  Six  more  dredges  are  under  construction,  and  will  be 
placed  on  this  embankment  work  as  soon  as  completed.  The  em- 
bankments now  being  built  are  about  30  ft.  high  and  from  200  to 
300  ft.  wide  on  the  base.  They  will  not  be  over-topped.  These  em- 
bankments will  be  completed,  it  is  expected,  by  the  close  of  1906. 

Training  Walls. — Below  Daguerre  Point  the  debris  in  the  river- 
bed is  from  7  to  25  ft.  deep,  increasing  from  Marysville  as  one  pro- 
ceeds up  stream,  and  forming  a  body  about  2  miles  wide,  on  an  aver- 
age, and  more  than  9  miles  long.  The  project  contemplates  confin- 
ing the  river  to  a  selected  channel  and  leaving  the  remainder  of  the 
old   bed   undisturbed.     Portions   of   the   old   bed   may   be   used   for 
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settling  basins,  but  the  unrestricted  movement  of  the  river  over 
this  abnormal  width  of  bed  is  to  be  prevented.  This  will  be  effected 
by  dikes  at  proper  distances  apart,  which  will  contain  the  maximum 
flow.  This  will  undoubtedly  result  in  some  scour  in  the  selected 
channel  until  the  equilibrium  of  the  forces  at  work  has  been  more 
nearly  reached.  This  action,  however,  will  all  be  in  the  direction 
of  greater  security  from  floods.  Already,  agreements  have  been 
made  with  two  gold  dredging  companies  to  build  2  miles  of  these 
walls,  lying  on  the  south  side  of  the  channel  below  Daguerre  Point, 
free  of  cost  to  the  United  States.  The  north  wall  for  a  correspond- 
ing leng-th  of  2  miles  is  now  being  built  under  contract  by  the  Com- 
mission at  a  cost  of  12.4  cents  per  cu.  yd.  of  material  in  place.  The 
total  quantity  in  this  north  wall  will  be  about  200  000  cu.  yd.  The 
distance  between  these  training  walls  at  the  upper  end  is  2  000  ft. 
The  distance  apart  will  be  adapted  to  the  slope  and  the  height  of 
the  walls  in  the  lower  reaches. 

Other  Rivers. — During  the  summer  of  1905  a  survey  party  was 
kept  in  the  field  surveying  Bear  River,  with  a  view  to  its  treatment 
along  similar  lines.  The  Bear  has  been  surveyed  from  its  mouth 
in  the  Feather  up  to  the  mouth  of  Greenhorn  Creek,  a  distance  of 
32  miles,  sites  for  dams  have  been  examined,  and  a  plan  for  work 
is  now  being  formulated. 

The  American  River  will  next  be  studied,  and  a  plan  for  its 
treatment  prepared. 

When  these  other  rivers  have  been  remedied,  the  worst  offenders 
will  be  rendered  harmless,  and  the  Commission  can  then  turn  its 
attention  to  the  other  problems  of  navigation  and  flood  control  in 
the  Sacramento  Valley. 
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A  NEW  GRAVING  DOCK  AT  NAGASAKI,  JAPAN. 

Discussion.* 


By  Charles  Albertson,  M.  Am.  Soc.  C.  E. 


Charles  Albertson,  M.  Am.  Soc.  C.  E.  (by  letter). — The  original  Mr.  Aibertson. 
graving  dock  in  Japan  was  not  a  graving  dock  at  all,  in  the  present 
sense  of  the  word.  It  was  simply  a  sheltered  cove  or  a  sandy  beach 
protected  by  nearby  headlands  from  the  severe  winds  and  typhoons 
which  .occur  at  certain  seasons.  These  beaches  are  found  all  along 
the  coast  lines  of  the  four  main,  and  the  many  lesser,  islands  which 
compose  the  Island  Kingdom.  Even  to  this  day,  the  largest  junks 
are  beached  in  the  old-time  way,  in  order  to  clean  the  hulls  and 
make  minor  repairs  during  the  successive  periods  between  high  tides. 

For  centuries  the  Japanese  had  been  experienced  in  the  control 
of  water  for  purposes  of  irrigation,  therefore  it  is  quite  probable 
that  the  next  steji  in  their  docking  operations  was  to  build  a  small 
dam  and  gate,  sufficient  at  least  to  protect  the  little  inlets  from  the 
peak  of  the  high  tide. 

From  such  small  beginnings  to  the  great  graving  dock  described 
by  Dr.  Shiraishi  is  a  tremendous  leap,  but  the  Japanese  have  shown 
themselves  capable  of  doing  just  such  things. 

One  would  scarcely  dare  maintain  that  the  necessity  for  such 
docks  or  the  ability  to  design  and  build  them  could  have  come  about 
except  for  contact  with  the  nations  of  Europe  and  America.  Their 
docks  are  based  on  the  best  foreign  practice,  but  are  slightly  modified 

*  Continued  from  Janu'irv,  19%,  Proceedings.     See  October,  1905,  Proceedings  for 
paper  on  this  subject  by  Naoji  Shiraishi,  M.  Am.  Soc.  C.  E. 
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Mr.  Aibertson.  to  Suit  the  local  demands  and  conditions.  Nevertheless,  it  is  no  small 
matter  to  build  a  good  dock  in  Japan,  owing  to  the  inexperienced, 
careless,  heedless  labor  which  must  be  used  on  such  works.  The 
laborer  does  his  work  in  a  very  mechanical  manner,  and  all  his  think- 
ing must  be  done  for  him.  It  is  a  pleasure  to  know  that  Dr. 
Shiraishi  has  been  entirely  successful  in  the  construction  of  his  dock. 

Japan  is  fortunate  in  having  an  indented,  rather  rocky,  sloping 
shore  line,  which  is  naturally  adapted  to  dock  construction.  The 
Japanese  have  made  good  use  of  these  conditions,  and  most  of  their 
dozen  or  more  large  private  docks  are  built  directly  on  a  rock  founda- 
tion. They  are  all  faced  with  native  granite.  The  pump-houses  are 
largely  below  ground,  and  contain  electrically-driven,  direct-con- 
nected, centrifugal  pumping  outfits.  Dr.  Shiraishi's  article  de- 
scribes Japan's  present  standard  practice. 

Mr.  Jacobs,  in  discussing  the  paper,  stated  that  another  gate  in 
the  middle  of  the  dock  would  have  been  an  improvement  on  the  de- 
sign, as  one  or  two  small  vessels  could  have  then  been  docked  sep- 
arately. While  this  might  be  true,  ordinarily,  if  other  docks  in  the 
immediate  vicinity  were  not  available,  and  but  few  large  vessels 
were  to  be  docked,  it  does  not  hold  in  the  case  of  the  Nagasaki  dock. 
The  owners.  The  Mitsu  Bishi  Company,  have  in  operation  two  other 
docks  and  one  patent  marine  railway.  The  dimensions  of  these 
smaller  docks  are :  length  on  keel-blocks,  510  and  350  ft. ;  bottom 
entrance  width,  77  and  53  ft. ;  and  depth  of  water  on  keel-blocks, 
26J  and  24  ft.,  respectively.  The  marine  railway  can  accommodate  a 
vessel  of  1  000  tons.  These,  with  the  other  small  shipyards  in  the 
neighborhood,  fully  cover  the  docking  requirements  of  Nagasaki's 
beautiful  harbor. 

In  regard  to  cement,  the  writer  shares  the  opinion  which  is  gen- 
eral among  foreigners  in  Japan,  that  the  best  Japanese  cement 
is  not  equal  to  the  best  imported  article.  Some  evidence  of  this  is 
given  by  the  Japanese  themselves,  in  that  the  new  dry  dock,  of  the 
Kawasaki  Dock  Yard  Company,  Limited,  at  Kobe,  was  built  with 
imported  cement.  This  dock  cost  more  than  the  big  Nagasaki  dock, 
although  it  is  not  nearly  as  large,  since  it  measures  426  ft.  from 
caisson  to  head  wall  toe,  bottom  entrance  width  52  ft.,  and  depth  of 
sill  24  ft.  The  great  cost  was  dtie  to  the  company's  shipbuilding 
plant  having  been  located  on  bad  ground,  without  considering  dry- 
dock  requirements.  This  necessitated  piling  and  a  large  quantity 
of  concrete.  The  Mitsu  Bishi  Company  profited  by  the  experience 
of  the  Kawasaki  Company,  and  have  now  in  use  in  Kobe  Harbor 
a  steel  floating  dock  of  7  000  tons  capacity. 

Before  giving  up  his  residence  in  Japan,  the  writer  saw  the 
early  stages  of  the  construction  of  the  Nagasaki  dock.  He  is  of  the 
belief  that,  under  the  conditions  existing  then  and  there,  only  a  little 
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more  maeliinery  could  have  been  used  either  to  advance  the  work  Mr.  Albertson. 
or  decrease  the  cost.  The  thought  is  that  perhaps  an  addition  to  the 
limited  hauling  equipment,  or  even  a  further  installation  of  some 
very  simple  type  of  conveying  apparatus  might  have  been  desirable. 
This,  prolvably,  would  not  have  decreased  the  cost  to  the  contractor, 
although  it  should  have  reduced  by.  a  little  the  time  taken  in  con- 
struction; but,  then,  time  is  not  considered  as  valuable  in  Japan  as 
it  is  in  America. 

The  writer  feels  that  the  credit  for  the  design  as  well  as  the 
construction  of  this  the  greatest  dock  in  the  Far  East  properly  be- 
longs to  Dr.  Shiraishi,  although  he  modestly  refrains  from  giving 
even  a  clue  as  to  his  continued  connection  with  the  project. 
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Mr.  Raring.  James  Smith  Haring.  M.  Am.  Soc.  C.  E.  (by  letter). — The 
author  seems  to  lay  particular  stress  upon  the  "tact"  which  an 
inspector  on  construction  should  possess.  The  writer  agrees  with 
him,  but  would  emphasize  equally  the  fact  that  an  inspector  must 
be,  also,  thoroughly  honest  and  thoroughly  loyal  to  his  chief  or  his 
principal.  The  writer  has  been  a  sufferer  in  cases  where  an  excep- 
tional amount  of  "tact"  in  his  inspectors  and  an  absence  of  honesty 
and  loyalty  have  not  only  suffered  the  work  to  be  compromised,  but 
his  own  position  to  be  jeopardized — the  "tact"  working  for  the 
interest  of  the  contractors. 

The  personal  equation  of  contractors  is  as  material  to  courteous 
relations  on  work  as  the  personality  of  the  inspector.  Some  con- 
tractors are  honest  in  their  intentions  and  faithful  in  the  perform- 

*  This  discussion  (of  the  paper  by  Albert  J.  Rimes,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  November,  1905),  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  for  further  discussion. 

Comnaunications  on  this  subject  received  prior  to  March  30th,  1906,  will  be  published 
subsequently. 
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ance  of  their  obligations,  no  dereliction  of  duty  or  performance  is  Mr.  Haring. 
a  part  of  their  creed,  and  yet  they  may  have  in  their  employ  men 
actually  performing  the  work  who  think  they  can  perform  or  omit 
the  performance  of  certain  obligations  in  a  manner  that  will  save 
money  for  their  employer,  thereby  advancing  their  own  prospects. 
Necessarily,  a  careful  inspector  objects  to  such  actions,  and, 
unless  the  contractor  is  himself  honest  enough  to  see  the  justness 
of  criticism,  friction  must  arise,  and  the  result  soon  determines  the 
relations  between  the  engineer  and  the  contractor. 

Chief  engineers,  themselves,  are  not  always  reasonable  in  their 
relations  to  either  their  inspectors  or  the  contractor.  The  writer 
had  occasion  to  observe  this  not  long  ago.  Through  a  series  of 
misfortunes,  a  contractor  was  doing  a  piece  of  work  at  a  considerable 
loss,  linancially,  but,  notwithstanding  this  fact,  when  any  reasonable 
request  was  made  by  the  inspector  for  any  particular  item  to  be 
executed,  it  was  done  with  alacrity  and  cheerfulness,  the  whole  aim 
of  the  contractor  and  all  his  men  being  apparent  in  an  attempt  on 
their  part  to  do  the  best  work  possible  regardless  of  the  cost.  With 
all  this  evidence  of  good  intention  before  him,  the  chief  engineer,  in 
several  instances,  cast  suspicion  on  the  work,  both  of  the  contractor 
and  the  inspector,  in  a  manner  so  aggTavating  (and  affecting  matters 
so  trifling)  as  to  arouse  the  antagonism  of  the  inspector,  who  was 
both  honest  and  loyal,  and  the  contractor,  simply  because  it  was 
unjust;  yet  the  work,  when  completed,  received  the  most  positive 
commendation  as  being  first-class  in  every  particular,  and  it  cer- 
tainly deserved  such  praise. 

On  the  other  hand,  the  writer  has  had  certain  adverse  ex- 
periences with  contractors.  In  one  particular  instance  the  con- 
tractor started  out  with  the  avowed  intention  of  laying  all  manner 
of  pitfalls  for  the  engineer  and  his  inspectors,  intending  to  catch 
them  sufficiently  at  fault  to  find  cause  for  making  the  contract  void 
and  laying  the  blame  on  the  principals,  behind  the  engineer,  who 
acted  upon  his  advice.  In  two  other  cases  the  incompetency  (inex- 
perience or  financial  inability)  of  the  contractors  was  shown  at  the 
very  beginning  of  the  work,  and  it  required  not  only  "tact,"  firm- 
ness, and  a  knowledge  of  contract  law,  but  a  fight  against  political 
influence  in  the  camp  of  his  principals  to  enable  the  engineer  to 
guide,  not  only  the  details  of  the  work,  but  the  persons  who  were  ' 

paying  for  the  work,  out  of  grievous  and  sore  tribulations,  and  to 
save  his  own  reputation. 

Too  much  cannot  be  said  regarding  the  knowledge  of  the  law 
of  contracts  to  be  possessed  by  the  engineer.  He  must  be  able  to 
protect  his  own  rights,  and  unless  acting  for  some  corporation  which 
maintains  a  legal  department  or  retains  regular  counsel,  he  should 
be  able  to  advise  and  direct  those  for  whom  he  acts.     In  any  condi- 
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Mr.  Haring.  tion,  the  engineer  is  charged  with  large  responsibility;  he  is  the 
active  agency  to  take  the  responsibility  for  the  work  of  his  in- 
spectors and  assume  it  as  his  own;  he  is  the  target  of  the  contractor 
and  all  his  employees,  and  must  stand  their  criticism  and  too  often 
their  abuse;  he  must  frequently  meet  a  combination  of  the  con- 
tractor and  his  own  employer  or  principal  trying  to  place  him  in 
the  wrong;  so  that  his  justification  and  defense  must  stand  on 
indisputable  grounds  of  right,  or  he  is  likely  to  fail  utterly. 

The  condition  which  makes  the  engineer  sick  at  heart,  however, 
is  to  find  honest  effort  on  his  part  met  by  censure  and  condemnation 
in  the  light  of  the  most  positive  evidence  of  the  fact  that  his  course 
is  correct.  The  writer  recalls  a  condition  where  he,  as  engineer, 
called  to  his  aid  inspectors  whose  capabilities,  honesty  and  loyalty 
had  been  proven  on  other  work.  These  inspectors  did  their  duty 
against  adverse  circumstances.  The  work  was  for  a  municipality, 
and  he  regrets  to  say  that  he  has  spent  whole  sessions  with  the 
governing  officials,  who  took  up  the  time,  badly  needed  for  im- 
portant business,  in  listening  to  the  complaints  of  inexperienced 
contractors  against  these  inspectors,  simply  because  they  had  per- 
formed their  duty  conscientiously.  The  writer  upheld  them,  and 
refused  to  countenance  censure  or  removal.  Finally,  he  himself 
was  replaced  by  a  more  pliable  man,  who  permitted  the  contractors 
to  obtain  payments  for  extra  work  to  which  they  were  not  entitled, 
and  who  permitted  the  use  of  materials  the  writer  had  rejected. 

In  another  instance  the  writer  was  engineer  on  a  contract 
abandoned  by  the  contractor  because  the  engineer  ordered  an  addi- 
tional quantity  of  work  done  at  a  specific  price  named  in  the  con- 
tract. The  work  was  finished  by  the  municipality  under  the  terms 
of  the  contract,  the  writer  acting  as  engineer,  and  a  large  deficiency 
for  cost  of  construction  has  just  been  obtained  by  a  jury  trial  in  a 
suit  to  recover  from  the  contractor. 

Under  any  conditions,  the  engineer  and  his  inspectors  occupy 
responsible  positions.  If  due  consideration  is  not  given  in  the 
selection  of  the  inspectors,  and  there  is  not  sufficient  latitude,  or 
absolute  control  of  appointment,  it  too  frequently  occurs  that  com- 
petency is  not  the  determining  factor  in  the  choice  of  men.  A 
contractor  is  very  soon  able  to  "size  up"  the  capabilities  of  the  man 
who  is  to  watch  his  work,  and  he  acts  accordingly. 

As  this  is  the  age  wherein  women  seem  to  be  displacing  men, 
the  writer  has  often  wondered  whether  the  time  will  come  when,  to 
some  degree,  women  will  displace  men  in  the  engineering  profession. 
In  certain  cases  mentioned  herein  the  proverbial  "tact"  of  women 
might  be  found  to  be  advantageous. 
Mr,  Loveii.  W.  D.  LovELL,  M.  Am.  Soc.  C.  E.  (by  letter). — This  topic  is  one 
of  general  interest  to  both  engineers  and  contractors.     Undoubtedly, 
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^'thero  is  too  much  laxity  in  the  preparation  of  specifications."  It  Mr.  Lovell. 
has  become  the  custom  with  many  engineers  to  write  their  specifica- 
tions hurriedly,  or  to  have  them  prepared  by  an  incompetent  assist- 
ant, and  then,  to  make  sure  that  they  have  covered  everything,  to 
put  in  a  general  clause,  as  pointed  out  by  the  author.  This  blanket 
clause  is  an  admission  of  the  weakness  of  the  specification,  and  its 
use  should  be  discouraged.  In  making  up  his  bid,  the  contractor 
■depends  upon  the  written  specification  to  describe  the  work  he  is 
■expected  to  perform  and  not  upon  the  "general  conditions"  which 
may  mean  nothing,  or  a  great  deal,  depending  on  the  inspector. 

In  one  instance,  coming  to  the  writer's  notice,  the  specification 
relating  to  concrete  seemed  to  be  voluminous.  Omitting  the  speci- 
fication on  cement,  one  thousand  words  were  used  in  describing 
•concrete,  yet,  when  construction  began,  the  inspector  found  it  neces- 
sary, in  order  to  get  such  work  as  he  thought  desirable,  to  hide  behind 
a  general  clause,  applicable  to  all  divisions  of  the  work,  which  stated 
that  "all  work  must  be  done  in  a  workmanlike  manner."  Relying 
on  this  blanket  clause  forced  the  contractor  to  increase  the  actual 
cost  of  the  work  50%,  and  no  extras  were  allowed.  It  is  injustice 
like  this  which  causes  unpleasant  relations  between  inspector  and 
contractor,  and  brings  the  engineering  profession  into  disrepute. 

It  often  happens,  especially  on  Government  work,  that  the  man 
who  writes  the  specification  has  no  part  in  the  supervision  of  the 
work.  The  opinion  of  what  is  a  "workmanlike  manner,"  on  the 
part  of  the  man  who  wrote  the  specification,  may  differ  widely  from 
the  ideas  of  the  constructing  engineer.  The  man  who  wrote  may 
have  had  in  mind  a  good  class  of  commercial  work  with  nothing 
fancy  or  finished  about  it.  The  inspector  may  happen  to  have  de- 
cided opinions  regarding  the  finishing  of  work,  and  may  attempt  to 
compel  the  contractor  to  do  the  work  according  to  his  ideas.  He 
cannot  do  so  by  the  specification  on  that  particular  subject,  therefore 
it  is  necessary  for  him  to  call  up  the  "general  conditions,"  usually 
written  in  specifications,  that  "work  must  be  done  in  a  workmanlike 
manner"  or  "to  the  satisfaction  of  the  engineer."  This  is  not  a 
fair  interpretation  of  the  specification  or  the  contract,  and  yet,  as 
is  suggested  by  the  author,  a  contractor  very  often  submits  to  just 
such  injustice  because  he  cannot  afford  the  time  or  the  money  to 
take  the  matter  into  court.  Each  specification,  covering  any  one 
part  of  the  work,  should  be  written  so  that  it  should  not  be  neces- 
sary for  the  inspector  to  rely  on  general  clauses  to  support  his  re- 
quii'ements  in  regard  to  the  character  of  the  work,  and  "blanket 
clauses,"  which  may  be  used  as  a  gross  injustice  to  the  contractor, 
should  be  omitted,  except  to  cover  unforeseen  contingencies. 

Mr.  Himes  has  mentioned  the  necessity  of  the  inspector  knowing 
his  business,  and  being  familiar  with  the  conditions  surrounding  the 
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Mr.  Lovell.  contract.  The  successful  inspector  must  have  a  practical  knowledge 
of  first-class  work.  The  contractor  often  repeats  the  old  saying,  "I 
have  no  trouble  with  the  inspector  who  knows  his  business."  It  is 
the  man  who  is  afraid  of  his  own  position — who  does  not  really  know 
whether  he  is  right  or  wrong — who,  by  his  unreasonable  require- 
ments on  some  points  and  his  laxity  on  others,  shows  his  lack  of 
knowledge,  loses  the  respect  of  his  chief  and  the  contractor,  and 
proves  a  failure  as  a  constructing  engineer. 

The  following  is  a  case  in  point :  The  work  consisted  in  laying 
cast-iron  water  pipe.  The  inspector  was  diligent  in  chipping  and 
tapping  the  castings,  although  he  had  a  certified  test  of  the  material 
used  in  the  pipe  and  a  sworn  statement  that  each  length  had  been 
tested  under  a  pressiire  of  300  lb.  He  was  careful  to  see  that  the 
letters,  indicating  the  manufacturer  and  the  year  in  which  the  pipe 
was  cast,  were  easily  legible,  and  that  the  dust  was  wiped  out  of  the 
pipe  before  it  was  laid;  yet,  when  it  came  to  the  really  important 
work  of  seeing  that  the  pipe  had  a  good  uniform  bearing  in  the 
trench,  that  the  jute  was  driven  back,  and  the  lead  joint  deep,  prop- 
erly run,  and  thoroughly  caulked,  he  paid  no  attention  whatever. 

A  part  of  the  line  was  through  a  corn  field,  where  any  settlement 
of  the  back-filling  would  make  no  difference,  as  the  field  would  be 
plowed  over  in  the  following  spring.  The  back-filling  was  to  be 
done  with  a  scraper,  the  earth  wet  down  with  water  furnished  by  the 
city,  and  pumped  at  considerable  expense  from  a  deep  well.  The 
inspection  of  this  back-filling  was  the  most  severe  that  could  be 
imagined.  The  additional  cost  to  the  municipality,  on  account  of 
pumping  water  alone,  was  considerably  more  than  the  salary  of  a 
qualified  inspector. 
Mr. Thompson.  Benjamin  THOMPSON.  M.  Ail.  Soc.  C.  E.  (by  letter). — Mr.  Himes' 
paper  treats  of  a  very  important  subject,  and  the  writer,  without 
desiring  to  be  critical,  wishes  to  state  that  it  is  not  so  much  fluency 
of  diction  that  is  needed  in  writing  specifications  as  plain,  definite, 
specific,  concise,  comprehensive  statements.  It  sometimes  happens 
that  specifications  are  what  might  be  called  a  literary  effort,  which 
is  apt  to  confuse  and  bemuddle  the  contractor,  who,  more  often  than 
not,  has  had  no  more  education  than  what  is  embraced  in  the  "three 
R's."  What  he  needs  is  plain  writing,  showing  clearly  and  specifi- 
cally what  he  is  to  do,  when  he  is  to  do  it,  and  what  and  how  he  is 
to  be  paid  for  it.  If  the  engineer  has  not  investigated  the  situation 
and  the  conditions  surrounding  the  proposed  work  in  detail,  he 
cannot  prepare  fully  what  the  contractor  ought  to  have  for  his 
guidance.  The  more  care  in  preliminaries  the  less  difficulty  with 
contractors,  and  the  less  embarrassment  in  explaining  why  the 
total  cost  exceeds  the  estimates,  the  latter  being  the  standing  indict- 
ment against  civil  engineers. 
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The  author's  epigrammatic  statement  that  "confinement  on  sus-  Mr.  Thompson, 
picion  is  fully  as  inconvenient  as  confinement  on  conviction," 
"should  be  indelibly  engraved  in  the  memory  of  every  young  en- 
gineer," as  Mr.  Wellington  vi'ould  have  said.  And  the  writer  would 
like  to  add  Whittier's  "Ah,  what  a  thin  partition  shuts  out  from  the 
eyes  of  the  curious  world  the  knowledge  of  evil  deeds  done  in  dark- 
ness." 

The  author's  question,  "Has  any  one  heard  of  a  multi-millionaire 
engineer?"  reminds  the  writer  of  what  was  said  to  him  some  time 
ago  by  a  gentleman  who  had  just  i^aid  $40  000  commission  to  a  real 
estate  agent  for  the  sale  of  some  property.  "That  man  worked  two 
or  three  months,  and  an  engineer  might  work  as  many  years  or  more 
to  get  the  same  amount." 

The  writer  asked,  "Why  should  the  real  estate  agent  receive  so 
much  higher  pay  for  his  services  than  the  engineer  for  an  equal  or 
much  larger  amount  of  work  to  make  the  sale  possible?"  His  reply 
was,  "I  don't  know,  unless  it  was  because  he  got  the  money." 

Inspectors  or  resident  engineers  on  extensive  work  usually  come 
from  different  sections  of  the  country,  and  have  different  ideas  as  to 
good  construction,  and  how  to  proceed  in  special  difficulties.  It 
seems  to  the  writer  that  it  would  be  a  good  plan  for  the  chief  en- 
gineer to  have  the  engineers  and  inspectors  come  together  at  the  be- 
ginning of  the  work  and  at  various  times  during  its  progress  for  the 
examination  and  discussion  of  the  specifications  and  their  applica- 
tion to  the  special  difficulties  or  problems  which  may  be  met.  If  this 
were  done,  the  character  of  the  work  under  their  charge  would  be 
more  uniformly  good,  contractors  would  feel  that  they  were  all 
treated  about  alike,  the  individual  inspector  or  resident  engineer 
would  feel  that  he  could  take  a  position  in  which  he  would  be  sus- 
tained by  the  judgment  of  his  comrades  and  his  chief,  with  the  least 
annoyance  and  trouble  to  the  latter,  and  the  chief  engineer  would 
be  doing  most  valuable  service,  not  only  to  his  employers,  l)iit  to 
those  under  him. 

S.  Bent  Eussell,  M.  Am.  Soc.  C.  E.  (by  letter).— This  subject  Mr.  Russell, 
covers  much  of  the  whole  field  of  engineering,  and  so  much  may  be 
said  upon  it  that  it  is  not  easy  to  treat  it  well  within  the  limits  of  a 
brief  essay. 

The  broad  question  of  the  proper  interpretation  of  engineering 
specifications  is  of  such  importance  to  engineers  that  it  might  well 
be  classed  with  those  subjects  that  should  be  brought  up  annually  for 
discussion. 

Consistency  is  of  great  importance,  both  in  writing  the  specifi- 
cations and  in  executing  them.  Not  only  should  an  engineer  be 
consistent  in  his  own  practice,  but  neighboring  engineers  should  ad- 
vise with  each  other,  and  try  to  make  their  practice  consistent. 
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Mr.  Russell.  Going  a  step  further,  there  should  be  a  certain  amount  of  con- 
sistency aimed  at  among  the  members  of  the  whole  profession. 

The  dictum  of  the  engineer  should  gain  strength,  and,  indeed, 
often  does  gain  strength,  by  the  fact  that  it  not  only  represents  the 
judgment  of  a  man  especially  trained  for  the  work,  but  also  in  a 
measure  represents  the  consensus  of  opinion  of  the  whole  engineer- 
ing profession. 

The  standing  of  the  profession  will  certainly  be  elevated  by 
greater  unity  among  engineers  in  the  matter  of  engineering  con- 
tracts. A  great  deal  of  missionary  work  is  needed  among  engineers. 
They  should  be  better  informed  as  to  what  is  the  best  practice,  both 
in  writing  and  in  interpreting  specifications. 

The  author  is  to  be  congratulated  upon  his  successful  opening  of 
so  important  a  discussion,  and  upon  the  many  good  points  that  he 
has  brought  up  in  the  paper. 

As  to  preparing  specifications,  engineering  has  now  become  such 
an  advanced  science,  and  the  volume  of  engineering  knowledge  has 
become  so  vast,  compared  with  the  capacity  of  any  individual,  that, 
with  little  violence,  it  might  be  said  that  when  an  engineer  starts  to 
write  a  specification,  he  is  working  on  a  subject  of  which  he  has 
little  or  no  personal  knowledge.  For  example,  he  may  have  had 
much  experience  in  building  structures  of  steel  and  of  masonry,  and 
now  be  called  upon  in  the  line  of  the  structure  of  timber.  He  is 
dependent  upon  the  work  of  other  engineers.  His  information  must 
be  gathered  from  books,  periodicals,  etc. 

Perhaps  the  first  question  for  the  engineer  to  decide  is  how  much 
time  can  be  given  to  research  work.  It  depends,  of  course,  upon  the 
importance  of  the  case.  Most  errors  in  engineering  specifications 
come  from  lack  of  time  and  information  in  preparing  them. 

In  the  writer's  judgment,  engineers  more  often  give  too  little 
time  than  too  much  to  specification  writing.  Many  a  lawsuit  could 
have  been  avoided  by  a  few  minutes  more  time  in  the  beginning. 
This  is  a  point  that  could  be  thoroughly  discussed  by  engineers  with 
great  advantage,  and  the  position  of  the  author  is  well  taken  as  to 
better  specifications  being  needed. 

Perhaps  the  next  question,  with  the  engineer  who  starts  to  draw 
up  specifications,  is  the  state  of  the  market.  If  contractors  are 
known  to  be  hungry  for  work,  specifications,  of  course,  may  be 
severe.  They  may  be  written  so  that  the  contractor  will  be  lucky  if 
he  gets  his  capital  back. 

On  the  other  hand,  if  contractors  are  well  supplied  with  work, 
they  are  usually  very  independent.  The  engineer  must  see  that  the 
specifications  are  more  than  fair  to  the  contractor.  Otherwise,  he 
will  get  no  bids,  or  excessive  prices. 

Coming  now  to  the  inspection  of  engineering  work,  as  in  the 


Papers.]         DISCUSSION    ON    ENGINEERING    INSPECTION.  135 

drafting  of  specifications,  it  is  found  that  the  greatest  difficulties  Mr.  Russell. 

come  from  ignorance.     Young  inspectors,  of  course,  do   not  know 

what   is   customary  practice   in   the  line  of  work   which  they   are 

called   upon   to   judge.     In   their   inspection,   they   are   often    at    a 

great  disadvantage,  in  that  they  know  less  about  what  is  right  and 

customary  than  the  contractor  himself,  and  yet  they  must  expound 

the  law  and  control  his  actions. 

On  the  other  hand,  inspectors  of  more  experience  are  often  worse, 
on  the  whole,  because  they  have  been  badly  trained.  An  inspector 
who  has  served  under  a  careless  or  incompetent  engineer  may  be 
very  unsatisfactory,  owing  to  faults  in  his  training.  An  old  brick- 
layer does  not  always  make  the  best  inspector  of  brickwork.  He  is 
apt  to  be  prejudiced  by  the  kind  of  work  he  has  been  doing  in  his 
trade. 

The  number  of  inspectors  or  the  quantity  of  work  to  be  covered 
by  one  inspector  is  a  matter  of  great  import.  One  does  not  like  to 
have  the  cost  of  inspection  too  high  in  proportion. 

Engineers,  as  a  class,  should  insist  that  the  success  of  the  work 
should  never  be  imperiled  by  fear  of  criticism  as  to  the  cost  of  in- 
spection. 

At  the  outset  the  inspecting  engineer  may  well  bear  in  mind  the 
state  of  the  market  when  the  contract  was  let,  as  mentioned  pre- 
viously, and  thus  infer  the  probable  width  of  margin  on  which  the 
contractor  has  to  work.  The  keener  the  competition  the  sharper 
should  be  the  inspection,  as  a  rule.  More  often  than  not,  the  amount 
expended  on  inspection  is  below  the  point  of  greatest  economic 
results. 

Specifications  which  give  arbitrary  power  to  the  engineer  are  too 
apt  to  put  him  in  an  improper  state  of  mind.  With  the  best  inten- 
tions in  the  world,  an  engineer  unconsciously  becomes  careless  of 
the  rights  of  the  contractor  and  sub-contractors  until  he  is  con- 
fronted with  a  lawsuit.  The  engineer  and  inspector  should  guard 
carefully  against  this  failing. 

Perhaps  the  most  important  point  mentioned  by  the  author  is 
"the  practice  of  helping  out  the  contractor."  In  the  writer's  judg- 
ment, the  views  of  engineers  on  this  point  should  be  fully  brought 
out,  and  a  great  effort  be  made  to  get  the  consensus  of  opinion  of 
experienced  engineers  on  the  question.  There  is  too  much  variation 
in  the  practice  of  engineers  in  this  direction.  Personally,  the 
writer  thinks  that,  in  any  work  of  a  public  nature,  the  engineer 
should  never  permit  "helping  out"  the  contractor.  Obviously,  it 
does  no  good  to  contractors  as  a  class,  and  better  results  will  be 
obtained  with  the  practice  ruled  out  altogether. 

In  private  contracts,  this  practice  should  never  be  allowed,  with- 
out full  knowledge  of  all  the  parties  interested. 
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Mr.  Russell.  It  shoulcl  be  noted  here  that  there  is  often  a  third  party,  not 
named  in  the  contract,  but  interested  in  the  result,  financially  or 
otherwise,  and  this  party  is  depending  upon  the  fairness  and  in- 
tegrity of  the  engineer  to  protect  his  rights  and  see  that  the  work  is 
executed  as  planned  and  brought  to  a  successful  conclusion. 

The  engineer  should  keep  the  interests  of  the  third  party  in 
mind,  and  guard  them  where  it  is  proper  he  should,  or  advise  such 
party  of  any  proposed  changes  in  the  work. 

A  matter  of  similar  bearing  is  the  proper  treatment  of  sub- 
contractors. The  engineer  should  be  fully  informed  as  to  the 
status  of  such  parties,  and  should  know  whether  they  are  being 
fairly  treated  by  the  general  contractor;  and,  where  their  interests 
are  at  stake,  should  keep  them  in  mind,  carefully  avoiding  just 
cause  for  complaint  from  them. 

An  error  that  the  engineer  should  guard  against  especially  is 
that  of  allowing  the  contractor  to  deceive  himself  by  practicing  a 
sort  of  confidence  game  upon  him.  The  contractor  is  allowed  to 
believe  that  he  is  to  be  "helped  out"  by  the  engineer  at  some  later 
time,  and  thus  he  is  kept  in  good  humor  and  tractable,  without  the 
engineer  really  committing  himself.  This  is  sometimes  the  en- 
gineer's method  of  managing  the  contractor,  but  it  is  decidedly 
dangerous,  and  should  not  be  followed. 

Engineers  should  settle  disputes  as  soon  as  possible,  and  should 
not  defer  them.  There  is  room  for  a  great  deal  of  diplomacy  in  the 
management  of  contractors  who  are  engaged  upon  different  parts  of 
the  same  work,  so  that  each  shall  be  made  to  think  that  he  is  being 
treated  at  least  as  well  as  any  other  contractor.  To  do  this,  under 
all  the  complications  that  come  up  in  engineering  work,  is  some- 
times most  difiicult. 

At  times,  where  a  contractor  shows  a  disposition  to  make  trouble, 
the  engineer  will  make  concessions  to  him  that  are  of  doubtful  pro- 
priety, in  order  that,  should  a  lawsuit  come  up  later,  he  may  show 
that  the  contractor  has  been  treated  liberally.  This,  of  course,  is 
treading  on  dangerous  ground,  and  the  engineer  should  be  very 
careful  not  to  go  too  far  in  this  direction,  as  his  motives  may  easily 
be  misconstrued. 

The  question  of  covering  up  errors  made  by  the  engineer  in 
writing  specifications,  or  in  the  plans  or  instructions,  is  one  that 
could  be  discussed  with  interest.  How  far  may  the  engineer  go  with 
propriety  in  this  direction'?  This  question  often  arises  in  actual 
work,  and  is  frequently  of  great  import.  It  is  doubtful,  however,  if 
any  generalizations  can  be  made  for  such  cases  that  would  not  apply 
to  the  conduct  of  human  life. 

The  writer  hopes  that  the  points  thus  briefly  called  to  mind  will 
add  something  to  the  interest  of  the  discussion. 
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WiM.ARD  Beahan,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  is  Mr 
an  unusual  one  in  both  its  field  and  scope,  and  will  be  useful  to  the 
profession.  Engineering  has  been  broadening  much  of  late,  and 
annexing  new  territory  to  the  old  province  of  mathematics  and 
science.  This  paper  is  of  the  new  learning  upon  which  engineers 
are  entering.  It  trenches  much  on  law,  and  it  has  to  do  with 
human  nature.  In  each  direction  an  engineer  always  needs  in- 
struction, and  to-day  more  than  ever. 

The  author  states  that  "A  contract  is  a  meeting  of  minds,"  and 
that  there  must  be  a  "clear  and  definite  understanding  of  what  is 
to  be  done."  Now,  this  understanding  of  the  two  minds  is  the 
contract.  The  written  instrument  is  but  a  reflection  of  it,  and  is 
sometimes  clouded  by  legal  phrase  or  ignorance  of  the  niceties  of 
technical  terms.  That  printed  blank  which  we  fill  out  is  not  the  con- 
tract, in  the  eyes  of  the  law.  This  fact  makes  blanket  clauses  a  con- 
fession that  the  minds  have  not  clearly  met,  and  hence  the  contract 
is  faulty,  and  the  door  of  misunderstanding  and  of  litigation  is  con- 
fusedly thrown  open. 

Engineers  differ  as  to  whether  a  detailed  contract  and  specifica- 
tions which  endeavors  to  cover  all  points  fully  and  minutely 
is  best;  or  whether  a  brief  and  general  specification  is  best.  The 
writer  supposes  that  each  engineer  will  ever  favor  that  one  of  these 
two  which  is  better  in  accord  with  his  own  temperament.  Govern- 
ments and  municipalities  favor  the  first  kind,  while  corporations  and 
firms  very  often  favor  the  latter.  Most  engineers  will  agree  that,  in 
general,  during  the  execution  of  work  vuider  contract,  questions  will 
arise  which  are  at  least  on  the  border  line  of  the  terms  of  the  con- 
tract, and  will  raise  questions  for  adjustment.  The  engineer  in 
charge  is  the  one  to  whom  these  questions  present  themselves,  and 
they  are  a  crucial  trial  to  him.  With  reference  to  these  recurring 
questions  the  writer's  instructions  at  the  outset  of  his  career,  as 
given  to  him  by  the  late  D.  W.  Washburn,  Chief  Engineer  of  Con- 
struction on  Mr.  Gould's  South- West  System,  were  as  follows : 
"You  are,  of  course,  employed  and  paid  by  the  Company,  but  it  is 
your  duty  to  stand  between  the  Company  and  the  contractor,  and 
say  what  is  right  in  equity."  Thirty  years  have  almost  passed,  but 
to  the  writer  the  instructions  still  seem  to  be  right.  Common  sense 
is  good  railroading,  and  honesty  is  the  best  policy,  as  well  as  the 
best  politiiJS.  No  contract  can  be  drawn  that  makes  the  exercise  of 
judgment  unnecessary. 

As  engineers,  we  cannot  compel  a  contractor  to  do  work  not 
really  shown  on  the  plans  or  in  the  specifications  or  in  the  contract. 
Some  contractors  have  done  harm  to  engineers  by  willingly  doing 
such  work  just  to  cover  some  sins  of  omission.  The  whole  is 
vicious.     If  a  mistake  is  made  and  some  work  is  left  out,  say  so; 
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Mr.  Beahan.  it  is  better  for  all,  and  cheaper  for  thf*  company,  to  handle  this  as 
extra  work  outside  the  contract.  The  engineer  or  inspector  who 
accepts  favors  from  the  contractor  is  lost.  Blanket  clauses  are  put 
in  contracts  to  cover  just  such  careless  work,  but  anyone  at  all 
familiar  with  the  law  of  contracts  knows  very  well  that  such  at- 
tempts are  futile,  and  this  fact  is  clearly  brought  out  in  the  paper. 
It  is  to  be  hoped  that  the  quoted  clause  in  the  elevator  and  power-" 
plant  contract  is  the  very  limit  of  unwisdom  in  this  direction. 

"Absolutism  has  no  place  in  business."  One  would  think  this 
were  not  true  if  he  read  some  contracts,  where  it  would  seem  that  the 
engineer  can  do  anything  he  pleases  and  pass  any  judgment  he  sees 
fit.  But  the  Courts  sometimes  make  short  shrift  of  such  contracts,, 
and  it  is  readily  seen  that  a  "meeting  of  minds"  has  not  yet  con- 
vened. In  fact,  a  "printed  form,"  when  used  in  a  contract,  biases 
a  jury  and  brands  that  contract  as  arbitrary.  As  a  profession,  we 
need  to  know  how  Courts  and  juries  view  us  and  our  acts.  We  need 
to  get  out  of  our  offices  and  drafting  rooms  and  just  "come  down  to 
earth"  and  mix  with  the  multitude.  By  doing  so  we  can  better  earn 
our  salaries  in  our  mature  years. 

It  is  indeed  hard  to  say  what  is  89%  and  what  is  91%  when 
90%  is  the  mark  at  which  inspections  are  passed.  As  inspectors,  in 
our  younger  years  will  we  not  mark  it  89%  and  in  our  later  life 
mark  it  91  per  cent.?  Can  we  ever  detect  that  2%  of  excellence? 
Clearly,  we  must  use  our  honest  experience  and  judgment.  But  to 
be  called  back  and  shown  that  some  of  our  89%  product  is  as  good 
as  some  of  our  91%  product  is  the  act  of  a  young  or  ill-tempered 
contractor.  An  old  Irishman  of  some  experience  and  sound  heart 
was  once  inspecting  cross-ties  and  was  shown  some  rejected  ties  on 
one  side  of  the  pile  that  were  a  little  better  than  some  accepted  ties 
on  the  other  side  of  that  pile.  After  a  moment's  study  he  went  back 
and  rejected  them  all.     Did  he  do  right  ? 

The  absent  inspection  of  masonry,  like  the  absent  treatment  of 
disease,  is  believed  in  by  some,  but  they  are  in  the  minority.  There 
is  too  much  inspection  which  does  not  inspect,  and  it  brings  in- 
spection into  disrepute.  To  have  one  inspector  over  two  gangs  of 
masons  five  miles  apart  is  as  foolish  as  to  have  one  foreman  over  two 
gangs.  This  evil  arises  from  letting  too  many  small  contracts  when 
the  cost  of  inspection  thereupon  adds  much  to  the  unit  cost.  A 
better  plan  is  to  do  these  small  jobs  by  a  company  force. 

The  case  of  the  mill  inspection  of  rails  cited  in  the  paper  raises 
this  question,  naturally:  May  it  not  cost  less  to  try  to  make  first- 
rate  rails  than  it  will  cost  to  make  poorer  ones  and  take  the  chances 
of  their  rejection?  Some  may  have  seen  grading  contractors  haul 
logs  and  brush  into  an  embankment  when  it  would  have  cost  less  to 
burn  the  logs  and  brush  and  haul  in  earth  instead.     Cheating  comes 
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to  li(>  i\  chronic  disease  at  the  last.  The  writer  once  knew  a  con-  Mr.  Beahan. 
tractor  to  tell  a  falsehood  wilfully  when  it  was  against  his  in- 
terests. His  brother,  who  was  the  other  member  of  the  firm,  said, 
"W.  is  a  fool !  W.  will  lie  at  sixty  cents  on  the  dollar  when  the 
truth  wovdd  be  worth  par."  We  can  form  the  habit  of  thinking  that 
the  truth  is  ever  against  us. 

An  inspector,  not  sustained  or  "backed  up"  by  his  superior,  is  a 
man  whose  salary  is  money  wasted  through  no  fault  of  his.  Honesty, 
capacity,  and  courage  are  essentials  in  inspectors,  or  in  engineers  in 
immediate  charge  of  the  work.  Said  a  prominent  chief  engineer  of 
a  granger  road  to  the  writer  a  few  years  ago,  "I  have  had  two 
hundred  and  forty  civil  engineers  of  variovis  grades  on  our  work 
this  summer  and  in  not  a  single  case  has  there  been  the  least  sus- 
picion of  dishonesty."  In  a  quarter  of  a  century  of  railroad  work 
over  much  of  the  United  States  the  writer  has  never  seen  a  dis- 
honest act  by  an  engineer.  He  has  had  only  one  dishonest  engineer- 
ing employee — a  paymaster,  and  under  mitigating  circumstances  in 
a  foreign  country.  Will  our  friends,  the  contractors,  who  are  given 
to  careless  expression,  please  commit  to  memory  these  statements 
of  the  writer  on  this  point?  Capacity,  however,  is  a  rarer  qual- 
ity. The  writer  thinks  that  too  much  is  expected  of  young  en- 
gineers as  inspectors.  It  is  not  fair  to  them.  The  writer  fully 
agrees  with  the  paper,  but  must  say  that,  for  an  inspector  of  execu- 
tion, rather  than  of  manufactures,  he  prefers  an  experienced  crafts- 
man. For  example,  his  best  results  in  pile-driving  have  been  in 
using  an  experienced  pile-driver  man  as  an  inspector,  rather  than 
a  young  engineer.  So,  too,  for  a  modern  building,  he  prefers  a 
first-class  carpenter  who  can  read  a  plan,  rather  than  a  young- 
architect  or  engineer.  For  such  work  he  prefers  an  old  foreman, 
of  unusual  intelligence,  who,  perhaps,  may  be  in  poor  health  or 
crippled,  but  who  possesses  all  his  faculties.  If  he  has  been  for  a 
long  time  with  the  company,  so  much  the  better. 

Courage  is  a  quality  of  character,  rather  than  of  education  or 
experience.  Years  ago  a  collegian  was  not  thought  to  be  cour- 
ageous, but  college  athletics  have  changed  all  that.  Moral  rather 
than  physical  courage  is  the  kind  most  required,  but  they  go  best 
together  in  this  case.  Bluster  is  the  outward  expression  of  pure 
cowardice.  The  brave  are  quiet  and  use  few  words.  Of  these  three 
great  qualities  it  may  be  said  that,  as  a  rule,  honesty  is  a  matter  of 
course  with  a  technical  graduate;  capacity  can  be  trained  ilito  him, 
while  courage  he  must  have  inherited,  in  the  main. 

The  author  has  properly  pointed  out  the  fact  that  tact  is  an 
essential  to  greatness  in  the  engineering  profession.  Tact  is  not 
taught  in  technical  schools  nor  could  it  be.  But  a  little  tact  might 
have  been  talked  to  us  now  and  then  to  good  advantage.     We  were 
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Mr.  Beahan.  taught  intolerance,  and  were  sometimes  taught  self-sufficiency.  This 
is  not  seen  in  the  later  generations  of  students,  however.  In  later 
years  engineers  must  learn  that  tact  which  they  ignored  at  first.  Tact 
is  ready  money  where  talent  is  capital.  As  a  profession  we  are  at 
fault  in  not  cultivating  tactfulness.  It  is  the  new  learning  of  our 
calling  and  the  younger  engineers  should  take  up  the  study  of  it 
right  away.  Knowing  a  thing  is  not  enough.  One  must  also  be  able 
to  make  others  and  capital  know  it,  too,  and  through  one's  own  self 
as  the  instrumentality.  Learn  a  thing,  learn  to  tell  it  or  write  it, 
learn  to  do  this  convincingly,  and,  finally,  learn  to  do  so  in  a  pleas- 
ing way. 
Mr.  Aiken.  W.  A.  AiKEN,  M.  Am.  Soc.  C.  E. — It  is  very  refreshing  to  find 
in  this  paper  a  clear  note  of  appreciation  of  the  real  value  of  in- 
spection; not  only  of  the  actual  features  of  any  piece  of  engineer- 
ing construction,  but  particularly  of  the  materials  entering  therein. 
It  is  unfortunately  the  fact  that  many  engineers  do  not  fully 
realize  the  true  value  of  this  latter  and  certainly  equally  important 
inspection,  or,  if  realizing  it  in  a  general  way,  have  neither  the 
time  nor  the  opportunity  to  acquaint  themselves  sufficiently  with 
its  infinite  detail,  and  so  unconsciously  confound  the  mere  matter 
of  testing  with  real  inspection,  of  which  testing  is  only  a  very  small 
part. 

In  the  speaker's  opinion,  there  is  nothing  more  certain,  when 
once  thoroughly  grasped  by  contact  with  a  properly  organized  system 
of  inspection,  than  that  no  engineer  would  ever  think  of  using  ma- 
terials in  construction  unless  previously  they  had  been  thoroughly 
inspected;  for,  of  all  the  specialties  of  engineering  technical  work, 
no  other  has  been  so  generally  brought  into  disrepute,  with  those 
"who  understand,"  by  this  age's  spirit  of  commercialism,  the  domi- 
nance of  which  has  set  up  everywhere  the  false  standard  of  dollars 
and  cents.  Thus  the  cost  of  so-called  inspection,  rather  than  the 
quality  of  service,  is  unfortunately  very  often  the  conclusive  argu- 
ment in  deciding  a  matter  which  in  no  way  should  be  thus  in- 
fluenced. Inspection  that  does  not  inspect  is  absolutely  worthless 
in  itself,  and  is  a  complete  waste  of  money.  The  mere  matter  of 
testing  (relieving  the  manufacturer  of  responsibility,  as  it  does  in 
a  great  measure)  is  in  many  cases  an  absolute  farce,  in  so  far  as 
determining  the  trvie  worth  of  the  material  furnished,  particularly 
because,  as  Mr.  Himes  states,  it  has  unfortunately  grown  into  a 
generally  recognized  practice  that  the  tests  submitted  are  to  be  of 
the  manufacturer's  selection. 

The  tonnage — in  these  days  often  involving  a  poorer  quality  of 
manufactured  material — is  another  feature  influencing  largely  the 
quality  of  inspection,  unless  this  is  carried  out  purely  upon  the  basis 
of  quality  of  service,  instead  of  as  a  commercial  enterprise.     When 
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the  manufacturing  plants  are  crowded  with  orders,  each  being  Mr.  Aiken, 
pressed  for  prompt  delivery,  and,  to  meet  these  demands,  the  manu- 
facturers are  putting  all  their  efforts  toward  increasing  their  out- 
put, with  the  temptation  to  disregard  its  quality,  an  entirely  dif- 
ferent condition  confronts  the  inspecting  engineer  than  when  orders 
are  few  and  competition  keen.  The  purchaser  demanding  shipment, 
the  manufacturer,  knowing  that  among  his  customers  there  are 
some  whose  own  or  commercially  employed  inspection  is  largely 
perfunctory,  though  these  very  customers  (due  to  their  ignorance 
of  what  inspection  should  consist)  may  not  realize  this,  and  knowing 
also  that  others  are  perfectly  willing  to  accept  the  manufacturer's 
guaranty,  are  features  of  the  conditions  which  are  difficult  to  meet 
except  by  the  strictest  insistence  on  the  specifications  in  all  essential 
matters,  and  the  exercise  of  clear  judgment  in  the  matter  of  con- 
cessions, if  it  is  desired  to  obtain  material  complying  even  with 
admittedly  fair  requirements.  It  is  under  such  conditions  that 
what  Mr.  Himes  designates  as  "the  kicker"  develops,  but  the  speaker 
is  satisfied  that  this  is  desirable,  although,  in  his  opinion,  it  is  not 
generally  necessary,  and  never  in  the  case  of  a  competent  inspector, 
except  in  plants  in  which  the  methods  are  not  "straight."  Cer- 
tainly, by  ignoring  conditions  at  the  start,  involving,  as  this  must, 
the  quality  of  inspection  guaranteed  (and  surely,  thereby,  the 
quality  of  material  contracted  for),  the  inspector  becomes  particeps 
criminis,  making  it  more  difficult  afterward  to  protest  effectually 
against  aggravated  and  intolerable  conditions,  and  making  him 
largely  responsible  for  the  attitude  of  many  manufacturers  toward 
proper  supervision  by  the  inspector. 

Competent  inspectors,  even  when  supposedly  hyper-critical,  are 
generally  so  only  "from  the  manufacturer's  erroneous  standpoint. 
The  manufacturers  may  maintain  that  they  are  entitled  to  only 
such  information  and  facilities  as  are  supposedly  customary  and 
called  for  by  the  average  inspector.  This  is  not  tenable.  On  the 
contrary,  any  information  in  the  manufacturer's  possession  rela- 
tive to  the  material  to  be  inspected  belongs  by  right  to  the  pur- 
chaser's representative,  and  may  be  properly  called  for  without  his 
deserving  the  name  of  "kicker,"  even  though  his  requests  may  be 
beyond  those  made  by  the  average  inspector.  There  is  no  con- 
ceivable reason  for  a  manufacturer  to  refuse  such  information  and 
facilities,  as  at  times  is  done,  except  the  one  plea  that  it  is  not 
customary — and  this  is  no  reason  at  all — or  the  other  reason  that 
such  information  and  facilities  would  enable  the  inspector  to  keep 
better  run  of  the  material,  and  this  is  worse  than  no  reason  at  all. 
A  manufacturer  who  has  nothing  to  conceal  never  objects  to  furnish- 
ing any  information  relative  to  material  under  inspection.  It  is 
only  in  the  case  of  questionable  practices — and,  of  course,  these  are 
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Mr.  Aiken,  not  general  by  any  means — that  the  "kicker"  is  prominently  de- 
veloped, and  for  excellent  reasons.  Also,  occasionally,  where  per- 
sonal feelings  enter  into  the  business  relations,  the  manufacturer 
deliberately  and  intentionally,  as  it  were,  develops  the  "kicker"  by 
continually  putting  obstacles  in  the  way  of  his  properly  performing 
his  duty,  with  the  object  of  bringing  him  into  disrepute  with  his 
superior  who  cannot  be  personally  acquainted  with  the  details  of 
every  transaction.  A  conservative  inspector  can  be  sorely  harassed 
by  a  petty-minded  representative  of  a  manufacturer,  and  the  patience 
of  a  Job  and  the  tact  of  a  Talleyrand  are  then  necessary  to  steer  a 
course  where  duty  is  fully  done  and  no  opening  is  given  for  lawful 
objection  to  method. 

The  specious  pleas  of  the  manufacturer  to  influence  an  inspector 
even  properly  are  many,  and  in  a  measure  must  be  recognized  from 
the  former's  standpoint  as  possibly  allowable,  but  these  must  not 
influence.  For  instance,  the  manufacturer  may  request  the  accept- 
ance of  a  small  lot  of  rejected  material  on  account  of  its  size,  which 
from  the  manufacturer's  standpoint  determines  its  importance; 
or  he  may  request  the  acceptance  of  a  similar  larger  lot  of  material 
because  its  rejection  would  entail  a  loss  to  him.  He  may  also  ad- 
vance the  additional  pleas  of  busy  times,  the  uncertainty  when 
replacement  can  be  made,  and  the  always  prominent  plea  that  the 
construction  will  be  delayed.  Such  arguments,  in  the  case  of 
structural  steel,  lose  their  weight  in  some  mill  practices ;  very  bad 
ones  they  are,  and  in  time  they  must  be  controlled,  when  it  is  under- 
stood that  the  test  pieces  furnished  often  do  not  represent  any  con- 
siderable quantity  of  material  actually  then  rolled,  though  they  are 
presumably  the  melts  from  which  an  order  is  to  be  rolled  later,  if 
the  tests  pass  the  specification  requirements. 

In  the  case  of  final  rejection,  the  loss  is  really  nominal  at  the 
worst,  the  material  being  applied  to  some  other  order  where  the 
specifications  are  less  rigorous  or  the  inspection  less  carefully  made. 
All  of  which  emphasizes  the  fact  that  testing  is  not  inspection,  no 
matter  how  carefully  and  conscientiously  the  former  may  be  done. 
Complete  and  thorough  acquaintance  with  the  process  of  manu- 
facture in  all  stages,  and  the  assurance  that  the  material  finally 
used  is  that  tested,  is  the  only  criterion  whereby  to  determine  proper 
inspection,  and  to  obtain  this  there  is  no  information  relative  to  the 
material  that  may  not  be  properly  asked  for  and  required  by  the 
inspector. 

Under  all  the  stresses  to  which  he  is  subjected,  nothing  is  more 
appreciated  by  him,  nothing  is  more  necessary  to  him,  than  the 
endorsement  of  his  superior  ofiicer;  and  nothing,  even  from  the 
most  selfish  standpoint,  pays  the  engineer  so  well  in  securing  the 
best  service  from  competent  men  as  the  proper  support  of  his  in- 
spectors. 
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While  concessions  may  be  properly  made  at  times,  in  tlie  judg-  Mr.  Aiken, 
ment  of  a  competent  inspector  or  under  general  rulings  of  his  chief, 
the  idea  that  a  reason  must  be  found  for  the  acceptance  of  material, 
whenever  it  fails  to  meet  certain  specifications,  is  too  often  the  atti- 
tude of  the  manufacturer.  The  inspector  in  charge,  knowing  as  he 
should,  the  use  to  which  any  material  is  to  be  put,  must  be  the  judge. 
Any  other  viewpoint  is  subversive  and  not  to  be  tolerated. 

It  is  to  be  hoped  that  the  discussion  of  this  most  important  class 
of  work  will  cause  engineers  to  recognize  more  clearly  the  value  of 
proper  inspection,  which  is  undoubtedly  of  benefit  to  the  manu- 
facturer, who  should  have  common  cause  with  the  inspector  in  pro- 
ducing first-class  material. 

Augustus  Smith,  M.  Am.  Soc.  C.  E. — This  paper  is  considerably  Mr.  Smith, 
broader  than  its  title  would  indicate.  Besides  the  relation  of  the 
inspector  or  constructing  engineer  to  his  work,  it  opens  up  the  whole 
question  of  that  broad  branch  of  engineering,  so  to  speak,  of  how 
to  get  one's  idea  executed — how  to  get  what  you  want  done.  The 
speaker  has  seen  this  problem  from  the  viewpoint  of  the  contractor — 
the  virtuous  contractor,  he  hopes  it  will  be  understood — and  there- 
fore will  ignore  the  inspector  altogether. 

He  will  confine  his  few  remarks  to  an  idea  that  at  first  sight 
may  appear  to  be  irrelevant,  but  which  has  been  suggested  by  two 
statements  made  in  the  paper.  The  first  statement  is  on  page  580* 
where  the  author  says : 

"The  theory  of  the  law  is  held  by  its  devotees  to  be  the  discour- 
agement of  litigation,  and,  in  this  respect,  because  of  the  expense 
and  the  numerous  difficulties  and  delays  in  getting  a  final  decision, 
the  legal  profession  has  attained  a  degree  of  perfection  which  en- 
gineers may  not  hope  to  equal." 

Tlie  law  is  so  perfect  in  the  direction  pointed  out  by  the  author 
that,  though  every  contract  is  based  on  ultimate  recourse  to  the 
Courts,  no  one  who  has  actually  tried  the  process  would  think  of 
trying  again,  even  if  he  lived  long  enough.  It  is  so  perfect  that 
those  who  practice  it  are  nlaking  little  or  no  effort  to  improve  it. 
At  the  end  of  the  last  century,  when,  it  will  be  remembered,  a  general 
resume  of  progress  in  all  lines  and  professions  was  rather  a  popular 
siibject,  the  Law  was  the  only  profession  that  had  no  progress  to 
report. 

The  second  statement  is  found  on  page  589.*     It  reads : 

"There  is  much  said  about  the  relations  existing  between  the 
parties  to  a  contract  and  the  engineer,  it  being  generally  held  in  the 
profession  that  his  attitude  should  be  strictly  impartial  and  that  he 
should  be  no  less  alert  to  guard  the  interests  of  the  contractor  than 
those  of  his  employer.  Such  a  condition  is  a  pleasing  fiction,  quite 
flattering  to  the  engineer  and  agreeable  to  the  contractor." 

*  Proceedings^  Am.  Soc.  C.  E.,  for  November,  1905. 
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Mr.  Smith.  This  is  indeed  a  fiction.  Aside  from  the  biasing  influences 
pointed  out  by  the  author,  disputes  generally  arise  from  poor  speci- 
fications, and  frequently  from  lack  of  knowledge  by  the  man  who 
prepared  the  specifications  who  is  then  assumed  to  be  impartial  in 
interpreting  them.  What  man,  even  among  contractors,  can  be  de- 
pended upon  to  be  impartial  under  such  circumstances  ? 

In  order  to  avoid  the  Scylla  of  the  Court  and  the  Charybdis  of 
the  Engineer,  some  contracts  provide  for  arbitration  in  case  of  dis- 
pute. The  speaker  has  had  no  personal  experience  with  the  working 
of  the  arbitration  clause,  but  understands  that  in  general  it  is  un- 
satisfactory. 

Now  for  a  "remedy."  If  the  American  Society  of  Civil  En- 
gineers found  it  permissible  and  expedient  to  elect  with  the  other 
ofiicers  a  contract  committee,  having  cognizance  of  such  disputes 
as  Mr.  Himes  refers  to,  much  as  the  regatta  committee  of  a  yacht 
club  settles  all  questions  of  fair  sailing,  a  great  advance  in  "arbi- 
tration" would  be  made. 

The  membership  of  the  American  Society  of  Civil  Engineers  in- 
cludes many  contractors  and  many  engineers  individually  pro- 
fessional who  are  employed  by  contracting  firms.  A  decision  of  the 
contract  committee  of  the  American  Society  of  Civil  Engineers 
would  command  more  respect  from  this  class  of  disputants  than  a 
decision  on  engineering  subjects  by  the  Court  of  Appeals. 

Expert  legal  testimony  might  be  necessary  at  times,  but  let  it  be 
the  lawyer  before  the  Bench  of  Engineers  on  purely  engineering 
subjects,  instead*  of  the  engineer  before  a  Bench  of  Lawyers  who  are 
generally  quite  uninterested  and  frequently  half  asleep. 

It  would  be  necessary,  of  course,  to  provide  a  scale  of  fees  for 
siTch  a  committee,  properly  payable  by  the  contestants,  and,  if  found 
desirable,  these  could  be  made  high  enough  to  "discourage"  liti- 
gation. 
Mr.  Bixby.  G.  S.  BiXBY,  EsQ. — Mr.  Himes  has  taken  up  for  discussion  one 
of  the  most  difiicult  and  perplexing  problems  in  the  engineering 
profession.  To  outsiders  the  difiicult  features  of  the  engineer's 
work  seem  to  lie  in  logarithms  and  angles,  in  those  terribly  long 
lines  of  figures  with  signs  of  all  sorts  between  them  and  over  and 
under  them,  and  in  the  mathematical  features  of  the  work  gen- 
erally; but,  of  course,  those  things  are  mere  play  to  the  engineer, 
and  the  speaker  suspects  that  his  real  troubles  begin  when  he  is 
held  responsible  for  money  values,  and  when  he  is  made  a  buffer 
between  confiicting  business  interests. 

This  paper  is  a  very  valuable  contribution,  from  the  standpoint 
of  practical  engineering.  The  speaker  knows  personally  that  Mr. 
Himes  began  turning  these  things  over  in  his  mind  a  good  many 
years  ago,  for  when  the  speaker  first  knew  him  he  was  an  engineer 
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on  the  Erie  Canal,  and  even  then  had  the  idea  that  an  engineer  was  Mr.  Bixby. 
supposed  to  work  for  the  interests  of  his  employer.  Doubtless  he 
had  some  troubles  of  his  own  growing  out  of  the  practical  applica- 
tion of  that  idea.  At  any  rate,  some  other  people  had  troubles  on 
his  accoimt.  At  that  time  he  used  to  spend  his  spare  time  studying 
law,  and  he  must  have  studied  to  good  advantage,  for  his  points  of 
law  seem  to  be  generally  well  taken.  One  of  the  most  valuable  sug- 
gestions made  in  this  paper  is  as  to  keeping  a  diary  on  inspection 
work.  As  a  lawyer,  the  speaker  will  say  that  he  has  never  seen  a 
witness  stumped  on  the  stand  when  he  had  on  hand  for  reference  a 
record  of  events  made  in  chronological  order. 

A  prominent  feature  of  the  work  of  the  constructing  engineer  is 
that  there  is  a  tendency  in  practice  to  exact  from  him  what  is  well 
nigh  an  impossibility.  Wherever  engineering  is  made  up  largely  of 
work  which  is  soon  concealed,  or  the  evidences  of  which  are  soon 
destroyed,  it  would  seem  that  neither  the  expense  nor  the  time  al- 
lowed for  inspection  is  ordinarily  enough  to  enable  an  engineer  to 
give  positively  the  certificates  which  are  theoretically  required  from 
him.  One  cannot  get  away  from  the  fact  that  the  contractor's  in- 
erest  is  not  that  of  the  owner;  nor  that  the  most  honest  contractor 
when  pinched  on  his  margins  will  exercise  a  tendency  to  pinch  on 
his  work.  One  must  also  remember  that  a  contractor  owes  a  duty 
to  himself,  sometimes  to  his  creditors,  and  that  sometimes  he  is  a 
trustee. 

Another  point  on  public  work,  and  often  on  private  work,  is  that 
the  certificating  engineer  has  little  to  do  with  the  choice  of  his  in- 
spectors. In  a  sense  they  are  supposed  to  be  his  agents,  but  often 
they  are  -  independent  employees,  and  it  seems  to  be  hard  to  exact 
from  an  engineer  a  certificate  in  the  form  which,  as  the  speaker 
understands  it,  is  ordinarily  required  that  a  thing  is  so  and  so  as  of 
his  own  knowledge,  when  he  cannot  see  everything,  and  is  dependent 
on  others. 

As  a  matter  of  justice,  an  engineer  responsible  for  results  ought 
to  have  at  least  a  partial  voice  in  the  choice  of  sub-engineers  and 
inspectors. 

This  paper  refers  very  intelligently  to  the  subject  of  perfection 
in  materials  and  workmanship.  Of  course,  it  is  known  that  there  is 
no  such  thing  as  perfection,  and  specifications  ought  to  have  incor- 
porated in  them  the  permitted  variations  more  than  they  i,lo.  It 
would  be  simply  following  current  practice,  but,  if  that  is  so,  why 
should  it  not  be  expressed?  In  public  works  the  conditions  are 
frequently  quite  inflexible.  Sticks  of  timber  and  pieces  of  iron  and 
steel  must  vary,  and  yet,  under  a  standard  fixed  for  Government 
work,  every  defective  bolt  may  be  a  nail  in  your  cofiin  if  it  comes 
to  light. 
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Mr.  Bixby  For  instance,  where  hundreds  or  thovisands  of  units  are  com- 
bined in  a  structure  it  may  be  unjust  to  require  every  piece  to  be  of 
a  standard  character,  and  yet  on  public  works  the  contract,  the 
specifications,  and  often  a  statute  unite  in  fixing  a  standard,  and 
when  there  are  such  plain,  specific  provisions  it  is  hard  to  invoke 
the  doctrine  of  reasonableness  or  current  practice. 

There  is  a  general  opinion  that  a  professional  engineer  on  con- 
tract work  is  a  kind  of  judicial  ofiicer,  that  his  decision  is  like  that 
of  a  Court,  and  that  such  decision  must  be  made  impartially  between 
the  parties.  This  is  referred  to  in  the  paper  on  page  589.*  The 
speaker  does  not  believe  that  this  theory  has  any  standing  in  law, 
but  thinks  it  arises  from  the  fact  that,  as  a  matter  of  law,  when, 
under  a  contract,  a  question  is  submitted  to  an  engineer  or  an  archi- 
tect for  decision,  his  decision  cannot  be  an  arbitrary  one,  but  must 
be  reasonable.  In  other  words,  the  contract  is  to  do  a  certain  thing 
in  a  workmanlike  manner,  and  if  it  is  so  done  the  inspector  is  bound 
so  to  decide.  So,  although  the  speaker's  experience  has  taught  him 
that  the  engineer,  in  practice,  is  very  apt  to  be  treated  as  an  umioire, 
in  reality  he  is  not  an  umpire. 

Not  onlj^  is  he  employed  and  paid  by  one  side  only,  but  in  all 
ordinary  cases  he  would  be  subject  to  discharge  or  traiasfer  by  one 
side  and  not  by  the  other. 

This  opens  a  very  broad  field  for  thovight.  The  engineering  pro- 
fession is  increasing  in  importance  daily.  The  great  works  are 
multiplying  so  fast  that  we  lose  track  of  them  and  a  hundred  mil- 
lion dollars  is  becoming  an  ordinary  sum. 

The  public  is  becoming  more  and  more  inclined  to  undertake 
these  vast  enterprises,  and,  in  doing  so,  it  is  more  and  more  de- 
pendent on  the  engineer.  The  contractors'  interests  also  require  pro- 
tection. On  the  face,  the  contractor  would  seem  to  be  at  a  dis- 
advantage, for,  while  the  party  of  the  first  part  can  ordinarily  call 
on  the  engineer  for  such  protection  as  may  be  needed,  the  contractor, 
if  he  disputes  the  reasonableness  of  the  engineer's  decision,  must 
invoke  the  aid  of  a  Court. 

It  is  the  greatest  possible  compliment  to  the  engineering  pro- 
fession that  so  comparatively  few  lawsuits  arise  on  important  works. 
Of  course,  they  arise  often  enough,  and  when  they  do  they  illustrate 
the  difiicult  questions  in  hand. 

The  speaker  has  in  mind  one  lawsuit  now  pending  between  a 
railroad  and  the  contractor,  which  grew  out  of  the  holding  up  of 
final  payments  which  would  have  been  acceptable  to  the  contractor 
at  about  $100  000.  In  the  suit  claim  is  made  for  $1  500  000  or  more, 
and  the  contractor  expects  to  make  good  his  claim  to  many  times 
the  sum  he  would  have  accepted  on  the  completion  of  the  work. 
*  Proceedings,  Am.  Soc.  C.  E.,  for  November,  1905. 
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Here  is  a  question  which  often  comes  up :  Suppose  on  ira-  Mr.  Bixby. 
portant  work  a  qvxestion  arises  which  is  obscure  as  to  its  solution, 
but  nevertheless  vital  in  the  progress  of  the  work.  That  is — the 
scope  of  the  question  is  defined,  it  has  to  be  decided,  and  engineering 
-opinion  relating  thereto  is  divergent.  Perhaps  it  has  been  in  the 
Courts  and  has  been  decided  in  diiferent  ways,  or  perhaps  it  has 
been  left  undecided.  What  is  the  engineer  to  do,  and  how  is  he  to 
be  protected  ?  The  parties  can  fight  it  out  afterward,  perhaps,  but  it 
places  the  engineer  in  a  very  difficult  position. 
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THE  INSPECTION  OF  TREATMENT  FOR  THE 

PROTECTION  OF  TIMBER  BY  THE 

INJECTION  OF  CREOSOTE  OIL. 

Discussion.* 


By  John  B.  Lindsey,  Jr.,  Assoc.  M.  Am.  Soc.  C.  E. 


John  B.  Lindsey,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Mr. 
Stanford  emphasizes  the  point  of  view  that,  contracts  for  the  treat- 
ment of  timber  and  piling  being  based  on  the  weight  of  oil  injected 
per  cubic  foot,  the  logical  basis  for  inspection  should  be  the  weight 
injected  per  cubic  foot.  It  is  extremely  doubtful,  however,  whether 
any  system  short  of  actually  weighing  the  entire  cylinder  load  of 
timber,  both  untreated  and  treated,  would  be  considered  favorably 
either  by  the  management  of  the  treating  plants  or  by  those  who  use 
creosoted  material.  The  structure  of  different  pieces  of  timber 
varies  too  greatly  to  permit  the  adoption  of  any  average  sample- 
piece  method.  The  writer  has  noticed  a  marked  difference  in  the 
treatment  of  different  sections  of  the  same  pile,  and  occasionally  a 
marked  difference  in  the  penetration  on  the  same  section.  In  most 
cases  the  closer  grain  of  the  less  penetrated  section  explained  the 
difference,  but  in  some  cases  there  was  no  apparent  cause  to  explain 
the  lack  of  uniform  treatment. 

The  teredo-eaten  pile  at  Pensacola,  described  by  Mr.  Stanford, 
with  a  defective  90°  sector  of  sap  wood,  seems  to  be  a  practical 
example  of  the   uncertainty  of  securing  uniform  treatment   along 

*  Continued  from  .January,  1906,  Proceedings.    See  November,  1905,  Proceedings  for 
paper  on  this  subject  by  H.  R.  Stanford,  M.  Am.  Soc.  C.  E. 
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the  entire  length  of  a  pile  where  the  percentage  of  sap  wood  to  jfr.  Undsey. 
heart  wood  is  much  more  constant  at  every  cross-section  than  in  the 
case  of  a  sawed  stick,  and  where  conditions  as  to  steam  pressure, 
degree  of  vacuum  and  oil  pressure  were  identical. 

How  much  greater,  then,  does  the  uncertainty  of  uniform  treat- 
ment become  when  the  treatment  of  individual  sticks  is  considered. 
The  stick  with  the  greater  proportion  of  sap  to  heart  wood,  and  more 
open  grain,  may  receive  a  20%  greater  injection  than  another  stick 
in  the  same  cylinder  load. 

Clause  4  of  Mr.  Stanford's  proposed  specifications,  to  insure  the 
uniform  size  and  structure  of  the  pieces  in  each  cylinder  load,  al- 
though entirely  approved  by  the  writer,  is  a  difficult  one  to  carry 
out  fully  in  actual  practice.  This  difiiculty  is  especially  great  at 
present,  as  there  is  such  an  unprecedented  demand  for  all  classes 
of  structural  timber  and  lumber. 

The  percentage  of  the  total  weight  to  be  assumed  as  becoming 
seasoned  during  the  steaming  and  vacuum  periods  would  be  an- 
other vexing  problem,  difficult  to  determine  equitably.  The  ques- 
tion as  to  whether  8%  or  15%  of  the  weight  of  green  sticks 
in  a  load  would  be  seasoned  would  mean  a  difference  of  about  4  lb. 
in  the  treatment.  Such  a  consideration,  in  a  plant  not  operated 
conscientiously,  would  have  a  tendency  to  reduce  the  effectiveness 
of  the  steaming  and  vacuum  periods,  affecting  economy  of  fuel  and 
securing  a  greater  estimated  injection  of  oil  than  actually  made. 

In  the  future  the  greater  portion  of  creosoted  material  needed 
will  consist  of  cross-ties,  telegraph  and  telephone  poles  and  cross- 
arms.  Such  standard-size  stock  will  doubtless  be,  to  a  large  ex- 
tent, air-seasoned  before  treatment.  Operating  upon  air-seasoned 
stock,  the  steaming  period  would  be  reduced  to  a  brief  interval  for 
sterilizing  the  timber,  or  perhaps  be  entirely  omitted.  The  season- 
ing percentage  factor  would  then  be  reduced  to  a  minimum,  and 
with  stock,  say,  not  more  than  50  ft.  long  it  would  be  entirely  prac- 
ticable to  w^eigh  each  section  of  the  load  before  and  after  treatment. 
The  injection  could  thus  be  determined  by  the  estimate  of  the 
weight  of  oil  injected  in  the  entire  cylinder  load. 

O.  Chanute,  Past-President,  Am.  Soc.  C.  E.,  in  his  valuable 
paper  on  "The  Preservation  of  Railway  Ties  in  Europe,"*  gives  the 
following  interesting  evidence  of  the  care  exercised  by  the  German 
plants  in  treating  ties: 

"The  most  notable  thing  in  Germany  is  the  painstaking  care 
with  which  every  operation  is  performed.  The  ties  are  not  treated 
until  they  arc  thoroughly  seasoned,  this  generally  takes  six  months 
to  one  year  after  cutting  and  piling  in  open  piles  in  the  yards,  most 
of  which  yards  will  hold  one  year's  supply.  The  chemicals  are 
tested  constantly,  a  laboratory  being  attached  to  each  plant,  each 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLV,  p.  498. 
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Mr.  Lindsey.  buggy  load  of  32  ties  is  weighed  before  and  after  treatment,  to  make 
sure  that  the  ties  have  absorbed  enough  and  every  Httle  while  each 
individual  tie  of  a  buggy  load  is  weighed  in  and  out." 

Present  Methods. — The  methods  used  to  determine  the  quantity 
of  creosote  oil  injected  into  timber  and  piling  by  most  of  the  timber- 
treating  plants  in  the  United  States  are  much  the  same,  and,  in  all 
the  plants  of  which  the  writer  has  personal  knowledge,  depend  upon 
the  quantity  of  oil  taken  from  a  supply  tank,  as  determined  by  the 
position  of  a  float  in  the  tank.  This  float  is  connected  to  a  sliding 
indicator  on  the  scale  board  in  such  a  way  that  the  depth  of  oil  in 
the  tank  is  recorded  in  feet  and  tenths. 

The  readings  of  the  gauge  taken  during  the  treatment  of  a  load 
are  usually  as  follows : 

J. -Reading  =  Depth  of  oil  in  the  supply  tank  before  any  oil 

is  admitted  to  the  treating  cylinder; 
-B-Reading  =  Depth  of  oil  in  the  supply  tank  at  the  instant 
the  cylinder  is  filled ;  the  oil  taken  from  the  supply  tank 
equals   the  content  of  the  cylinder  when   empty,  less 
the  volume  of  the  timber  load; 
C-Reading   =   Depth   of   oil   in   the   supply   tank    after   ad- 
ditional  oil  has  been  pumped  into  the   cylinder  with 
the  pressure  pump ;  the  additional  oil  forced  into  the 
cylinder  equals  the  quantity  of  oil  which  it  is  calcu- 
lated the  timber  load  is  to  receive; 
D-Reading   =   Depth   of   oil    in   the   supply   tank    when   the 
surplus   oil   is   returned   to   the   supply   tank   from  the 
cylinder. 

The  difference  between  Readings  B  and  C  is  the  estimated  quan- 
■tity  of  oil  the  load  is  to  receive.  Lack  of  accuracy  in  the  gauge 
mechanism  is  very  objectionable,  and  should  be  reduced  to  a  mini- 
mum; however,  this  defect  is  as  likely  to  increase  as  to  decrease  the 
injection. 

The  lack  of  refinement  due  to  the  use  of  a  measuring  tank  of 
large  horizontal  capacity  might  be  avoided  by  having  a  supply  tank 
of  small  diameter,  say,  6  ft.,  to  measure  more  accurately  the  quan- 
tity of  oil  forced  into  the  cylinder  by  the  pressure  pump  after  the 
cylinder  had  been  filled  from  the  large  supply  tank;  however,  with 
the  use  of  two  supply  tanks,  it  becomes  more  difiicult  to  secure  a 
satisfactory  check  on  the  quantity  of  oil  used  than  can  be  ascer- 
tained when  only  one  tank  is  in  service. 

The  losses  due  to  leaking  pipes,  valves  and  cylinder  heads  are 
extremely  small  in  a  plant  where  a  proper  degree  of  attention  is 
given  to  the  equipment.  The  loss  due  to  leaking  valves  is  the  only 
one  not  readily  observable,  and  close  inspection  of  the  condition  of 
the  valves  should  be  made  at  regular  intervals. 
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The  quantity  of  oil  absorbed  by  timber  during  the  time  the  Mr.  Lindsey. 
cylinder  is  filling  with  oil  may  be  considerable,  with  well-seasoned 
stock,  especially  with  such  materials  as  paving  blocks.  After  the 
C'-Eeading  is  recorded,  and  the  pressure  on  the  oil  cylinder  is  re- 
leased, preparatory  to  emptying  the  surplus  oil  from  the  cylinder,  it 
is  uncertain  whether  the  entire  quantity  of  oil  injected  into  the  load 
remains  in  the  timber.  To  form  a  check  on  these  probable  in- 
accuracies, the  /^-Reading  should  be  subtracted  from  the  A- 
Reading,  to  determine  the  actual  quantity  of  oil  used.  The  differ- 
ence gives  the  actual  impregnation  the  entire  load  has  received, 
provided  there  is  no  loss  from  leaking  valves,  pipes,  or  cylitider 
heads. 

Underground  supply  tanks  or  dumping  tanks  are  objectionable 
unless  they  are  in  a  cellar  and  permit  the  inspection  of  all  tank 
connections. 

Where  a  plant  is  equipped  with  an  elevated  supply  tank,  the 
icylinder  is  usually  filled  with  oil  through  a  10  or  12-in.  pipe  con- 
nection. The  pipe  from  the  tank  to  the  pressure  pump  is  usually 
from  3  to  4  in.  in  diameter.  By  returning  the  oil,  by  compressed  air, 
after  treatment,  to  an  elevated  supply  tank  through  a  10-in.  connec- 
tion, the  supply  tank,  the  treating  cylinder,  and  the  connecting  pipe 
lines  could  be  fully  examined  by  the  inspector  during  the  course  of 
the  treatment.  With  such  arrangements,  an  intelligent  inspector, 
after  careful  study  of  the  equipment  of  the  plant,  should  be  able  to 
keep  a  reliable  check  on  the  conscientious  and  intelligent  operation 
of  the  treatment.  This  supervision  would  generally  require  day 
and  night  inspectors. 

Any  changes  in  the  present  methods  which  will  place  the  creosot- 
ing  of  timber  on  a  more  precise  and  scientific  basis,  and  afford  the 
fullest  possible  opportunity  for  intelligent  inspection,  will  be  wel- 
comed by  all  who  have  at  heart  the  proper  interests  of  the  business. 
It  appears  to  be  entirely  practicable  to  place  the  inspection  of 
air-seasoned  stock  less  than  50  ft.  in  length  upon  a  weight  basis; 
however,  in  the  treatment  of  green  lumber,  piling  of  any  length,  and 
air-seasoned  material  more  than  50  ft.  in  length,  the  tank  system  of 
measurement,  by  gauging  the  injection  of  oil,  will  probably  remain 
in  upe.  Effort  should  be  made  to  abandon  the  use  of  underground 
dumping  or  supply  tanks,  and  to  simplify,  as  far  as  practicable,  all 
oil-pipe  connections  between  these  tanks  and  the  treating  cylinders. 
The  treatment  which  the  material  is  to  receive  may  be  determined 
by  the  difference  between  the  A  and  D-Readings  of  the  gauge. 

Quality  of  the  Oil. — The  presence  of  water  in  the  oil  should  be 
carefully  guarded  against.  None  of  the  creosoting  plants  have 
stills  or  the  oil  manufacturer's  proper  equipment  in  order  to  free 
the  oil  from  water  entirely,  and  they  have  to  depend  largely  upon 
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Mr.  Lindsey.  the  settling  method.  This  consists  in  heating  the  mixture  to,  say, 
180°  fahr.,  then  chilling  it  and  allowing  the  water  to  float  to  the 
surface,  where  it  can  be  discharged  through  a  connection  in  the 
side  of  the  tank.  Steam  is  kept  circulating  almost  continuously 
through  the  heating  coils  in  the  treating  cylinders  and  the  supply 
tank.  It  is  of  the  utmost  importance  that  these  coils  be  tight,  and 
that  any  leaks  which  may  occur  be  closed  promptly.  The  heating 
coils  in  the  storage  tanks,  through  which  it  is  necessary  to  circulate 
steam  when  oil  is  to  be  drawn  from  the  tank,  should  be  examined 
from  time  to  time,  in  order  to  avoid  unnoticed  leakage. 

Oil  received  in  barrels  should  be  dumped  promptly  to  avoid 
leakage.  If  the  barrels  are  stored  in  the  yard  for  some  time  con- 
siderable rain  water  will  seep  through  the  heads  of  the  barrels. 

The  requirements  that  no  oil  with  more  than  8%  of  water  be 
used,  and  that  any  excess  of  water  between  2i  and  8%  be  compen- 
sated for  by  a  proportionately  greater  injection  of  oil  into  the  load, 
are  reasonable,  and  should  insure  good  work. 

Specifications  as  to  the  quality  of  the  oil  are  at  present  based 
largely  on  a  distillation  process.  There  is  some  difference  of  opinion 
as  to  whether  it  is  advisable  to  allow  a  small  percentage  which  will 
boil  below  210°,  or  'to  exclude  this  light  oil  entirely.  There  is  much 
difference  of  opinion  as  to  whether  it  is  desirable  to  have  the  dis- 
tillate between  210  and  235°  cent.,  20%  or  40%,  or  an  inter- 
mediate percentage.  It  is  certainly  desirable  to  determine,  as 
nearly  as  practicable,  the  most  effective  quality  of  oil  necessary  to 
preserve  timber.  The  specification  will  be  modified  generally,  how- 
ever, by  commercial  necessities.  After  the  coal-tar  manufacturer 
has  extracted  from  his  tar  all  the  higher-priced  products,  the  residue 
or  creosote  oil  is  sold  to  the  timber-treating  plants.  If  the  pur- 
chaser of  creosoted  lumber  is  informed  that  specifying  a  maximum 
distillate  to  235°  cent.,  of  25%,  instead  of  45%,  will  mean  a  20% 
increase  in  the  price  of  his  treated  timber,  he  is  very  apt  to  change 
his  specification,  feeling  doubtful  whether  the  increase  in  price  is 
compensated  for  by  the  better  quality  of  oil.  The  consulting  en- 
gineer of  one  of  the  largest  purchasers  of  creosoted  timber  in  the 
United  States  called  for  bids  in  December,  1904,  to  furnish  the 
material  needed  by  his  client  during  1905,  and  specified  that  the 
entire  distillate,  up  to  235°  cent.,  must  not  be  greater  than  30%,  a 
quality  of  oil  similar  to  that  proposed  by  Mr.  Stanford.  Before  the 
date  of  the  letting  of  this  contract  the  engineer  advised  all  bidders 
that  he  had  found  it  necessary  to  revise  his  specification  in  order  to 
avoid  excessive  cost  to  his  client.  The  revised  specification  allowed 
a  maximum  distillate  of  60%  up  to  235°  cent. 

When  the  coal-tar  manufacturer  finds  use  for  a  portion  of  the 
present  excess  of  oil  boiling  between  200  and  235° "cent.,  it  will  be 
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practicable,  without  excessive  extra  cost,  to  conform  to  the  specifi-  Mr.  Lindsey. 
cation  proposed  by  Mr.  Stanford. 

In  determining  the  steam  pressure  and  the  length  of  the  steam- 
ing period  to  be  used  in  the  treatment,  the  quantity  of  oil  to  be  in- 
jected, as  well  as  the  size  of  the  material,  should  be  considered. 
According  to  the  investigation  of  Dr.  Hermann  von  Schrenk,  of 
the  United  States  Department  of  Forestry,  the  strength  of  creosoted 
material  is  affected,  not  only  by  the  heat  used  during  treatment,  but 
also  to  some  extent  by  the  oil  injected.  The  experiments  indicated 
that  an  injection  of  creosote  oil  weakened  the  stick  to  the  same 
extent  as  the  impregnation  of  an  equal  quantity  of  water. 

Mr,  Stanford's  observation,  that  heart  wood  is  practically  im- 
pervious to  oil,  probably  applies  mainly  to  long-leaf  yellow  pine 
piling,  and  particularly  to  the  butt  half  of  the  pile,  where  the  sap  ring 
receives  practically  the  entire  impregnation.  The  writer  has  seen  a 
section,  from  10  to  15  ft.  from  the  top  of  a  long-leaf  pine  pile,  com- 
pletely saturated  with  oil.  Where  lumber  is  treated  the  impregna- 
tion in  long-leaf  heart  pieces  is  generally  from  J  to  IJ  in.  Short-leaf 
open-grain  pine  is  best  adapted  to  receive  a  satisfactory  impregna- 
tion, and  pine  of  this  class  should  be  secured  for  treatment  if 
practicable. 

The  writer  has  an  8  by  IG  in.  yellow  pine  stringer,  creosoted  by 
Mr.  J.  W.  Putnam  at  the  West  Pascagoula  Plant  in  1877,  which  was 
completely  impregnated  with  .oil  at  a  section  3  ft.  from  the  end  of 
the  stick.  This  stringer  stood  service  in  the  West  Pascagoula 
Bridge  for  more  than  27  years.  Such  impregnation,  in  long-leaf 
yellow  pine  heart  material,  is  unusual,  however.  Mr.  Putnam  de- 
scribes the  treatment  of  this  bridge  material  for  the  New  Orleans 
and  Mobile  Railroad  in  his  letter  to  the  Committee  of  this  Society 
which,  on  June  21th,  1885,  made  a  report  on  the  preservation  of 
timber. 

It  would  be  interesting  to  know  if  the  plant,  at  which  Mr.  Stan- 
ford inspected  the  treatment  of  80-ft.  piling  where  such  deficient 
treatment  was  secured  by  the  tank  measurement  method  of  in- 
jection, was  equipped  to  ascertain  the  actual  quantity  of  oil  used 
in  treatment  by  taking  the  difference  between  the  A  and  D- 
Readings. 
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THE  CHANGES  AT  THE  NEW  CROTON  DAM. 
Discussion.* 


By  Messrs.  William  R.  Hill  and  Frederic  P.  Stearns. 


Mr.  Hill.  William  E.  Hill^  M.  Am.  Soc.  C.  E. — The  proper  plan  and 
specification  for  a  reservoir  embankment  is  a  subject  susceptible  of 
many  conflicting  opinions.  The  formulation  of  such  a  plan  de- 
pends entirely  upon  the  condition  existing  at  the  site  of  each  par- 
ticular structure.  In  the  main,  these  conditions  are:  the  character 
of  the  natural  foundation,  and  the  character  of  the  earth  available 
to  make  the  embankment.  With  this  information  at  hand,  the 
question  of  the  necessity  of  a  core-wall  arises,  and,  if  it  is  required, 
its  character  and  dimensions  must  be  determined.  Then,  as  to  the 
embankment  itself,  its  height,  ■width,  slopes,  paving  and  mode  of 
construction  must  be  fixed.  To  determine  these  important  ques- 
tions, the  engineer  must  be  guided  entirely  by  his  judgment,  based 
upon  experience  and  study  of  similar  structures  throughout  the 
world.  He  might  apply  to  science  in  vain,  for  he  could  get  no  help, 
as  the  efliciency  of  a  reservoir  embankment  is  not  subject  to  com- 
putation; hence,  it  is  not  unreasonable  to  expect  that  conflicting 
opinions  will  arise  as  to  the  efficiency  of  a  plan  of  a  reservoir  em- 
bankment. 

Although  this  paper  is   entitled   '^Changes   at   the   New   Croton 
Dam,"  it  treats  of  only  one  of  the  several  changes  that  were  made  in 

*  This  discussion  (of  the  paper  by  Charles  S.  Gowen,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  December,  1905),  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  for  further  discussion. 

Communications  on  this  subject  received  prior  to  March  30tti,  1906,  will  be  published 
subsequently. 
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the  plan.  To  describe  the  structure  briefly,  it  is  composed  of  three  Mr.  Hill, 
distinct  features,  the  spillway  at  the  north  end,  the  main  stone  dam, 
and  the  embankment  with  a  core-wall  at  the  south  end.  These, 
according  to  the  original  plan,  had  lengths  of  1  000  ft.,  600  ft.  and 
568  ft.,  respectively,  making  the  total  length  of  the  structure  2  168  ft. 
Had  the  dam  been  built  according  to  the  original  plan,  the  core-wall 
at  the  junction  with  the  main  stone  dam  would  have  had  a  height 
of  230  ft. 

The  iirst  important  change  in  the  plan  of  this  structure  was 
made  on  September  16tli,  1896,  during  the  progress  of  the  work.  It 
consisted  in  extending  the  main  stone  dam  a  further  distance  of 
110  ft.,  in  substitution  of  the  embankment  and  core-wall.  That 
change  was  at  once  received  with  favor,  and  was  carried  out  in  the 
construction  without  any  discussion  whatsoever.  It  was  of  exactly 
the  same  nature  and  made  for  the  same  purpose  as  the  change 
under  consideration;  that  is,  the  main  stone  dam  was  extended 
in  each  case,  with  the  sole  object  of  reducing  the  height  of  the  em- 
bankment and  core-wall;  and  yet,  while  the  first  change  materially 
increased  the  cost  and  delayed  the  completion  of  the  work,  it  was 
not  as  effective  as  the  change  under  consideration,  as  it  resulted  in 
reducing  the  height  of  the  core-wall  only  30  ft.,  still  leaving  it  with 
the  unprecedented  height  of  200  ft. 

On  January  1st,  1900,  when  the  speaker  assumed  the  responsi- 
bility for  this  work,  the  foundation  of  the  stone  dam  had  been  com- 
pleted to  the  surface  of  the  ground,  and  the  core-wall  was  completed, 
excepting  the  stretch  under  consideration,  which  lacked  about  60  ft. 
of  its  height. 

In  the  spring  of  1901,  the  speaker's  attention  was  called  to  five 
slight  cracks  in  the  core-wall,  all  within  a  distance  of  100  ft.  Re- 
lating to  these,  Mr.  Gowen's  paper  states: 

"It  was  so  evident  that  they  were  due  to  changes  of  temperature 
and,  possibly,  to  some  extent,  to  shrinkage  of  the  setting  mortar, 
that  they  were  not  given  serious  consideration  until  Mr,  Hill's  at- 
tention was  called  to  them,  and  by  him  they  were  considered  so 
serious  that  his  first  report  and  recommendation  that  the  core-wall 
be  removed  were  very  largely  based  upon  them." 

In  reply  to  this,  the  speaker  would  state  that  he  cannot  concur 
in  the  opinion  that  the  cracks  were  due  to  changes  in  temperature,, 
as  he  could  not  expect  contraction  cracks  to  occur  so  closely  together 
as  five  within  a  distance  of  100  ft. ;  neither  could  he  believe  that  they 
were  caused  by  the  shrinkage  of  the  setting  mortar,  as  such  cracks 
could  not  extend  through  the  wall,  as  they  did  in  this  case.  But 
let  the  cause  of  the  cracks  be  what  it  may,  the  cracks  themselves 
were  given  importance  by  the  speaker  only  inasmuch  as  they  led  him 
to  a  closer  study  of  the  plan,  which  study  brought  to  light  the  really 
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Mr.  Hill,  objectionable  features,  as  shown  by  his  report  to  the  Aqueduct  Com- 
missioners, dated  May  15th,  1901,  wherein  he  reported  that  the 
core-wall  was  cracked,  pointed  out  the  objectionable  features,  and 
recomn*iended  that  they  appoint  a  committee  of  engineers  to  pass 
upon  the  adequacy  of  the  plan.  The  following  is  quoted  from  that 
report : 

"Even  though  there  were  no  cracks,  I  consider  that  it  would  be 
unwise  to  complete  the  structure  under  the  present  plan,  as  I  con- 
sider it  would  be  an  experiment." 

Hence,  the  recommendation  to  remove  the  core-wall  was  not 
based  on  the  existence  of  the  cracks,  but  solely  upon  the  opinion 
that  the  plan  was  inadequate.  The  concluding  paragraph  of  that 
report  is  as  follows : 

"I  make  this  recommendation  after  carefully  studying  the  situ- 
ation and  plan,  and  I  know  that  I  am  absolutely  right,  but,  still  I 
feel  that  it  is  due  to  you,  as  well  as  to  myself,  that  we  should  be 
fortified  by  the  opinion  of  three  prominent  engineers  in  this  most 
important  matter,  and  I  respectfully  ask  you  to  take  the  necessary 
action." 

The  Commissioners,  after  personal  investigation,  agreed  to  this 
and  appointed  a  committee  of  expert  engineers,  consisting  of  Messrs. 
J,  J.  E.  Croes,  Past-President,  Am.  Soc.  C.  E. ;  Edwin  F.  Smith, 
M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  Schuylkill  Navigation 
.  Company;  and  Elnathan  Sweet,  M.  Am.  Soc.  C.  E.,  former  En- 
gineer of  the  State  of  New  York.  The  committee,  after  making 
an  investigation,  reported  unanimously  recommending  the  removal 
of  the  core-wall  and  the  extension  of  the  stone  dam. 

The  general  public  will  no  doubt  feel  that  great  weight  has  been 
added  to  these  conclusions  by  the  concurrence  of  the  eminent  en- 
gineers, "William  H.  Burr,  M.  Am.  Soc.  C.  E.,  occupying  the  Chair  of 
Engineering  of  Columbia  University,  and  Nelson  P.  Lewis,  M.  Am. 
Soc.  C.  E.,  Chief  Engineer  of  the  Board  of  Estimate  and  Appor- 
tionment of  the  City  of  New  York,  both  of  whom  had  been  asked 
by  Mayor  Low  to  investigate  and  report  thereon.  On  April  16th, 
1902,  the  Aqueduct  Commissioners  resolved  to  remove  the  embank- 
ment and  core-wall  and  to  continue  the  main  stone  dam. 

Mr.  Gowen's  paper  contains  two  general  contentions;  one,  that 
the  plan  of  September  16th,  1896,  was  adequate;  the  other,  that  the, 
natural  foundation  of  the  core-wall  was  safe. 

To  take  up  the  first  contention,  that  is,  of  the  adequacy  of  the 
plan.  This  paramount  question  is  treated  in  a  brief  manner,  and 
without  giving  a  clear  description  of  the  part  of  the  plan  under 
consideration.  The  only  cross-section  accompanying  the  paper  is 
one  of  the  embankment  and  core-wall  at  a  point  about  170  ft.  from 
the  end  of  the  stone  dam.     In  reference  to  this  point,  it  states  that 
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the  origiBal  ground  is  only  20  ft.  below  ordinary  high-water  mark,  Mr.  Hill, 
and  that  the  core-wall,  110  ft.  high,  was  built  in  a  trench  80  ft.  deep. 
The  paper  contains  what  he  designates  as  a  developed  section, 
and  this  also  passes  through  the  core-wall  at  the  same  point,  that  is, 
about  170  ft.  from  the  end  of  the  stone  dam,  and,  after  passing 
through  the  core-wall,  the  section  then  follows  on  the  so-called  line 
of  least  resistance  to  the  pressure  and  passage  of  water  under  or 
through  the  core- wall..  This  line  is  not  a  straight  line  at  right 
angles  to  the  structure,  for  it  makes  an  abrupt  angle  on  each  side 
of  the  wall,  both  deflecting  northerly;  in  fact,  the  up-stream  line 
follows  the  top  of  the  embankment  to  its  end,  and  these  two  lines 
on  opposite  sides  of  the  wall  diverge  from  each  other  at  an  angle  of 
only  45  degrees.     On  this  crooked  section,  the  author  states : 

"The  thickness  of  the  bank  at  ordinary  high-water  elevation  is 
about  200  ft.  and  the  thickness  of  the  core-wall  given  at  Elevation 
SO,  if  the  hardpan  be  taken  into  account  and  included,  is  about 
300  ft." 

Here,  it  might  be  interesting  to  note  that,  on  a  true  cross-section, 
the  bank  was  to  be  30  ft.  thick  at  the  top,  while  the  wall  at  the  eleva- 
tion noted  was  to  be  only  17  ft.  thick.  The  paper  also  states  that, 
on  the  developed  section,  the  slope  of  the  embankment  on  the  up- 
stream side  is  about  4  to  1.  This  is  a  mistake,  as  both  the  contract 
drawings  and  the.  plan  accompanying  the  paper  itself  show  the 
slope  to  be  only  2  to  1. 

Accompanying  the  paper  is  a  plan  showing  in  outline  the  section 
of  embankment  and  core-wall  between  the  end  of  the  dam  and  the 
gate-house,  a  distance  of  about  275  ft.,  and  a  profile  of  the  same 
showing  the  original  ground  and  rock  surface  and  the  rock  surface 
as  excavated  for  the  core-wall  foundation. 

Only  two  reasons  are  given  to  support  the  contention  that  the 
plan  was  adequate :  One  is  a  reference  to  a  mass  of  hardpan  eover- 
dng  the  southern  slope  of  the  valley;  the  other  is  a  denial  of  a 
statement  that  flowage  of  water  is  likely  to  occur  along  the  face  of 
the  core-wall.  What  might  be  termed  another  reason  is  a  citation 
of  several  dams  that  have  been  successfully  built  to  heights  ranging 
from  100  to  120  ft.  As  to  the  success  of  such  structures,  the  paper 
contains  the  following: 

"And  it  is  a  matter  of  common  knowledge  to  those  interested 
that  there  is  no  record  extant  o'f  the  failure  of  an  earthen  dam  with 
a  core-wall  due  to  filtration  through  or  under  the  wall  and  the  con- 
sequent movement  of  the  down-stream  bank." 

In  reply  to  this  the  speaker  would  state  that  the  records  show 
that  the  Mill  River  Reservoir  Dam,  at  Williamsbvirgh,  Mass.,  burst 
on  May  16th,  1874.     It  was  an  earthen  dam,  with  a  masonry  core- 
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Mr.  Hill,  wall  600  ft.  long  and  43  ft.  high.  Water  found  its  way  under  the 
core-wall  and  destroyed  the  embankment.  The  reservoir  was  sud- 
denly emptied  into  a  narrow  valley,  causing  the  loss  of  140  lives 
and  the  destruction  of  about  $1  000  000  worth  of  property. 

The  author  also  makes  a  reference  to  two  rejoinders  to  the  report 
of  the  Committee  of  Expert  Engineers,  when,  without  giving  any 
information  as  to  the  contents  of  those  rejoinders,  his  deduction 
from  them  is  that  they  would  seem  to  have  covered  completely  and 
fully  all  the  points  advanced  by  the  expert  engineers  and  disposed 
of  their  conclusions  effectively. 

The  foregoing  constitutes  all  the  information  contained  in  the 
paper,  concerning  the  dimensions  and  general  features  of  the  struc- 
ture, and  the  reasons  to  support  the  contention  that  the  plan  was 
adequate.  Upon  these,  so  far  as  the  paper  is  concerned,  is  based 
the  conclusion : 

"That  the  City  of  New  York  has  expended  unnecessarily  nearly 
$1  000  000  and  has  failed  to  utilize  at  least  two  years  of  valuable 
time  during  which  these  changes  at  the  New  Croton  Dam  were 
being  carried  out." 

The  speaker,  before  presenting  his  view  regarding  the  stability 
of  the  plan,  deems  it  necessary  to  give  the  following  brief  description 
of  the  part  of  the  embankment  and  core-wall  under  consideration. 
It  extended  from  the  end  of  the  stone  dam  a  distance  of  about  275  ft. 
to  a  gate-house  built  in  the  embankment.  The  core-wall  at  the  end 
of  the  stone  dam,  as  before  stated,  was  to  have  a  height  of  200  ft., 
and,  at  the  gate-house,  a  height  of  90  ft.  The  embankment  was  to 
be  30  ft.  w^ide  at  the  top,  with  sides  sloping  in  the  ratio  of  2  hori- 
zontal to  1  vertical.  The  lower  portion  of  the  inner  slope,  to  a 
height  of  16  ft.  below  the  crest  of  the  spillway,  was  to  be  paved  with 
stone,  18  in.  thick,  laid  dry,  upon  12  in.  of  broken  stone;  and,  on 
the  upper  part  of  the  slope,  to  a  height  of  12  ft.  above  the  crest  of 
the  spillway,  the  paving  stone  was  to  be  2  ft.  thick,  upon  18  in.  of 
broken  stone.  The  core-wall  in  the  center  of  the  embankment  was 
to  be  4  ft.  higher  than  the  crest  of  the  spillway,  6  ft.  wide  at  the  top 
and  increasing  to  18  ft.  at  a  depth  of  136  ft.,  then  it  had  the  same 
width  to  the  base.  The  high  end  of  the  core-wall  had  been  built  in  a 
wide  pit.  That  was  a  necessary  excavation  for  the  end  of  the  stone 
dam,  which  was  164  ft.  wide  at  the  base,  while  the  core-wall  was  only 
18  ft.  at  its  base.  The  slope  of  this  pit  extended  southerly  along  the 
line  of  the  core-wall  for  a  distance  of  150  ft. ;  thus  the  core-wall  at  its 
highest  end  was  not  built  in  a  narrow  trench  below  the  surface  of 
the  ground,  as  is  usual  in  ordinary  cases.  The  outline  of  this  great 
pit  is  shown  on  the  plan  accompanying  the  paper,  and  is  marked 
^'Top  of  Excavation." 

There  are  in  the  plan  three  objectionable  features  which  in- 
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fluenced  the  speaker  to  recommend  the  removal  of  the  embankment  Mr.  Hiii. 
and  core-walk     They  are  as  follows:     First,  the  excessive  height, 
narrow  base,  and  unstable  foundation  of  the  embankment;  second, 
the  great  height  of  the  core-wall;   and,  third,  the  means   afforded 
water  to  reach  the  core-wall. 

To  take  np  the  first,  the  embankment :  It  was  to  be  150  ft.  high, 
and  only  650  ft.  thick  at  the  base.  This  section  would  be  not  only 
about  30%  higher  than  any  heretofore  built,  but,  in  comparison  with 
other  high  embankments,  its  base  was  narrow  for  its  height.  As  an 
example,  the  Amawalk  Dam,  which  forms  one  of  the  upper  Croton 
Reservoirs,  while  only  about  half  the  height,  85  ft.,  yet  has  a  base 
wider  than  that  of  this  embankment  of  unprecedented  height;  and, 
further,  this  embankment  was  hazardous  because  of  the  unstable 
nature  of  its  foundation.  It  was  founded  over  a  great  refilled  pit, 
which  was  360  ft.  wide  at  the  top,  170  ft.  at  the  base  and  70  ft.  deep. 
This  pit  was  a  necessary  excavation  for  the  foundation  of  the  end 
of  the  stone  dam,  which  was  164  ft.  wide  at  the  base,  as  before 
stated.  It  would  be  impossible  to  refill  this  pit  as  compactly  as  the 
original  hardpan;  hence  the  safety  of  the  reservoir  was  dependent 
not  only  on  an  embankment  of  a  problematic  section,  biat  this  prob- 
lematic section  rested  upon  an  unstable  foundation. 

The  second  of  the  objections:  The  core-wall  of  this  embank- 
ment was  to  have  the  great  height  of  200  ft.  and  with  no  lateral  pro- 
tection or  support  whatsoever  from  the  original  ground,  as  the 
artificially  placed  earth  on  each  side  of  the  wall  in  this  wide  pit  had 
the  height  of  the  wall  itself,  200  ft.  The  natural  hardpan  would 
afford  no  protection  whatsoever  here,  inasmuch  as  it  had  been  ex- 
cavated to  its  entire  depth;  in  fact,  the  underlying  rock  had  been 
removed  to  a  depth  of  about  15  ft.  Considering  the  height  of  the 
wall,  and  this  in  artificially  placed  earth,  it  could  be  but  an  experi- 
mental structure,  inasmuch  as  it  would  be  about  twice  the  height  of 
any  heretofore  built. 

The  third  objection,  the  means  afforded  the  water  to  reach  the 
core-wall :  This  is  another  serious  objection,  as  the  water,  by  start- 
ing at  the  end  of  the  embankment  in  the  reservoir  and  following 
between  the  face  of  the  stone  dam  and  the  embankment,  would  in- 
evitably reach  the  core-wall.  It  would  be  impossible  to  puddle  or 
otherwise  compact  the  embankment  against  the  dam  to  prevent  this, 
as  settlement  would  surely  follow  in  any  embankment  of  this  great 
height,  and  the  settlement  of  the  material  under  the  projecting 
parts  of  the  rock-faced  masonry  would  leave  cavities  for  the  passage 
of  water.  This  objectionable  feature  here  exists  because  of  the  com- 
bination of  a  stone  dam  and  an  embankment,  while  it  could  not 
exist  in  either  a  continuous  stone  dam  or,  on  the  other  hand,  a  con- 
tinuous embankment  and  core-wall. 


160  DISCUSSIOX  ox  CHANGES  AT  XEW  CROTOX  DAM.      [Papers. 

Mr.  Hill.  A  foiTi'th  objection  might  here  be  stated,  namely,  the  permeable 
and  light  character  of  the  earth  of  which  the  embankment  was 
made.  Kelating  to  this  material,  the  Committee  of  Engineers 
reported : 

"It  is  permeable  to  water  under  any  head  from  3  to  150  ft.,  and, 
when  exposed  to  the  direct  action  of  water,  it  disintegrates  and  as- 
sumes a  flat  slope,  the  surface  of  which  is  best  described  as  slimy." 

Thus  it  will  be  seen  that  the  safety  of  this  reservoir  was  de- 
pendent, not  only  upon  an  embankment  made  of  permeable  material 
and  of  a  problematic  section  resting  upon  an  unstable  foundation, 
but  also  upon  a  core-wall  of  phenomenal  height,  unprotected  and 
unsupported  by  original  soil  and  attended  with  the  greatest  of  all 
possible  risks;  that  is,  the  means  afforded  water  to  reach  the  center 
of  the  embankment  against  the  core-wall.  Such  a  structure,  in  the 
speaker's  opinion,  cannot  be  regarded  as  anything  but  an  experiment, 
as  it  is  abnormal  and  ^^nprecedented  in  all  its  dangerous  features. 
Thus,  as  the  speaker  was  thoroughly  convinced  that  the  plan  was 
inadequate,  he  was  left  no  alternative  but  to  condemn  it. 

Before  closing,  the  speaker  wishes  to  state  that  he  has  no  desire 
to  discuss  the  contention  that  the  natural  foundation  of  the  core- 
wall  was  safe,  as  he  wishes  to  maintain  the  stand  he  took  at  first; 
that  is,  that  the  plan  of  the  structure  itself  was  faulty,  without  con- 
sidering the  physical  conditions  existing  below  the  base  of  the  core- 
wall,  and  that  the  modification  of  the  plan  has  resulted  in  the  com- 
pletion of  the  structure  in  keeping  with  the  report  of  the  Board  of 
Expert  Engineers,  consisting  of  Messrs.  J.  J.  E.  Croes,  Joseph  P. 
Davis  and  William  E.  Shunk,  who,  in  1888,  recommended  that  the 
Quaker  Bridge  Dam,  for  which  this  is  a  substitute,  be  a  stone  struc- 
ture from  end  to  end. 
Mr.  Stearns  Erederic  P.  Stearns,  Presidext,  Am.  Soc.  C.  E.  (by  letter). — 

Mr.  Gowen's  paper  presents  in  a  very  clear  way  the  conditions  sur- 
rounding the  dike  of  questionable  limestone  found  at  the  southerly 
end  of  the  dam,  and  he  gives  convincing  reasons  in  support  of  the 
view  that  the  construction,  as  originally  planned  and,  to  a  large 
extent,  executed  at  that  place,  was  entirely  safe.  The  writer  has 
never  examined  this  limestone,  but  he  has  had  occasion  to  make 
tests  of  the  bearing  capacity  of  other  soft  rock,  using  for  the  pur- 
pose apparatus  copied  from  that  used  for  testing  foundations  at  the 
New  Croton  Dam,  and  was  surprised  to  find  what  a  great  difference 
there  was  between  a  very  soft  rock  and  the  hardest  and  most  com- 
pact earth.  Therefore,  he  would  expect  any  rock  found  in  this 
section  of  the  country  to  support  a  weight  equal  to  that  of  a  masonry 
core-wall. 

The  permeability  of  a  rock  foundation,  where  the  rock  is  of  com- 
pact texture,  depends  upon  the  presence  of  seams  or  other  passages 
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for  water,  and  not  in  any  degree  upon  whether  the  rock  is  hard  or  Mr.  steams. 
soft. 

In  a  case  like  that  described,  where  the  core-wall  was  built  in  a 
narrow  trench  cut  in  firm  hardpan  extending  to  the  rock,  and 
where  there  was  also  provided  an  embankment  of  fine  clayey  material 
of  great  dimensions,  there  must  be  taken  into  account  the  resistance 
of  this  earth  to  seepage  and  to  water  pressure. 

It  is  quite  often  the  case  that  an  embankment  built  of  earth 
containing  a  sufficient  proportion  of  fine  particles  is  as  nearly  water- 
tight as  a  concrete  or  other  masonry  core-wall,  but  this  is  not  recog- 
nized in  all  instances,  possibly  because  the  concrete  has  so  much 
greater  strength. 

The  Board  of  Expert  Engineers,  who  recommended  the  changes 
at  the  New  Croton  Dam,  caused  many  borings  to  be  made  in  the 
embankments  of  the  dams  of  the  Croton  system,  and,  in  a  majority 
of  cases,  the  line  of  saturation  determined  by  the  investigations  indi- 
cated no  greater  resistance  to  seepage  or  percolation  at  the  core-wall 
than  in  the  embankment  of  earth. 

In  view  of  the  character  of  the  earth  at  the  part  of  the  New 
Croton  Dam  under  consideration  and  the  great  distance  through  the 
earth  on  the  line  of  least  resistance,  the  writer  is  of  the  opinion  that 
the  dam  would  have  stood  at  this  point  without  any  core-wall,  pro- 
vided the  up-stream  part  of  the  embankment  of  clayey  material  were 
carried  down  to  join  the  hardpan,  and  that,  with  the  core-wall  as  an 
added  safeguard,  this  part  of  the  dam  would  have  had  a  greater 
factor  of  safely  Ihan  the  all-masonry  section. 
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TEST  OF  A  THREE-STAGE,  DIRECT-CONNECTED 
CENTRIFUGAL  PUMPING  UNIT. 

Discussion.* 


By  Elmo  G.  Harris,  M.  Am.  Soc.  C.  E. 


Mr  Harris  Elmo  G.  Harris,  ]\I.  Am.  Soc.  C.  E.  (by  letter). — It  is  a  matter 
to  be  regretted  that,  under  the  pressure  of  severe  competition,  manu- 
facturers of  centrifugal  pumps  claim,  and  will  often  guarantee 
greater  efficiencies  than  their  machines  can  give;  but  there  is  no 
hope  of  bringing  about  the  desired  reform  except  by  enforcing  these 
guaranties.  If  this  were  commonly  done,  it  would  result  in  a  two- 
fold benefit:  first,  by  preventing  a  mild  degree  of  fraud  on  credu- 
lous purchasers;  and,  second,  by  ultimately  improving  the  machines, 
until  the  efficiency  is  brought  up  to  what  the  well  informed  believe 
to  be  economically  attainable. 

If  the  equivalent  of  the  following  clause  were  inserted  in  con- 
tracts for  the  purchase  and  installation  of  centrifugal  pumps,  the 
makers  would  be  very  conservative  in  their  guaranties  of  efficiency, 
and,  further,  it  would  reveal  to  all  parties  concerned  an  economic 
principle  too  often  neglected  in  fixing  the  cost  of  various  installa- 
tions : 

"The  contractor  guarantees  an  efficiency  of  (  )  per  cent.,  as 
determined  by  dividing  the  power  delivered  to  the  pump  shaft  by 
the  power  (due  to  the  pump)  in  the  water  taken  immediately  after 
leaving  that  portion  of  the  plant  for  which  the  contractor  is  re- 

*  Continued  from  December,  1905.  Proceedings.    See  December,  1905,  Proceedings., 
for  paper  on  this  subject  by  Philip  E.  Harroun,  M.  Am.  Sic.  C.  E. 
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sponsible;   and  should  this   efficiency  not  be  realized,   the   deficit,  Mr.  Harris, 
under    normal    working    conditions,    shall    be    estimated    in    horse 
powers,  and,  assuming  the  value  of  1  h.  p.  to  be  ($  )  per  annum, 

the  present  value  of  such  a  sum,  paid  annually  for  (  )  years,  shall 
be  estimated  under  a  rate  of  interest  of  (  )  per  cent,  per  annum, 
and  this  sum  shall  be  deducted  from  the  contract  price  of  the  pump- 
ing plant     *     *     *." 

If  a  corresponding  bonus  should  be  offered  for  exceeding  a 
stated  efficiency,  the  rapid  improvement  of  centrifugal  pumps  would 
be  assured.  Much  of  the  fault  is  due  to  the  indifference  or  igno- 
rance of  the  purchaser. 

In  regard  to  needed  experimental  knowledge,  little  is  known 
about  the  losses  caused  by  the  friction  of  water  gliding  over  metallic 
surfaces  at  such  velocities  as  exist  in.  centrifugal  pumps.  This 
should  be  found  for  revolving  disks  varying  in  diameter,  surface 
finish,  and  speed.  Considering  the  value  of  such  data,  the  cost  of 
the  necessary  apparatus  would  be  small. 

The  answer  to  Mr.  Richards'  question,  as  to  why  efficiency 
should  be  insisted  upon  in  centrifugal  pumps  and  not  in  direct- 
acting  reciprocating  pumps,  is  that  the  cost  of  the  power  going  into 
a  centrifugal  pump  is  very  much  greater  than  that  going  into  a 
direct-acting  pump;  the  latter  is  a  cheap  affair  in  first  cost,  taking 
steam  direct  from  the  boiler,  while  for  a  centrifugal  pump  there 
must  be  a  rotating  engine  of  some  sort,  and,  if  the  pump  is  driven 
by  electricity,  there  must  be  the  prime  motor  (steam  engine  or 
water-wheel),  the  dynamo  and  the  electric  motor. 

Noting  Mr.  Richards'  allusion  to  a  scheme  for  compressing  air 
by  combining  air  and  water  in  a  centrifugal  machine,  the  writer 
would  call  attention  to  the  Appendix*  to  the  paper  entitled,  "Theory 
of  Centrifugal  Pumps  and  Fans,"  where  such  a  scheme  is  somewhat 
clearly  outlined. 

Professor  Le  Conte  was  probably  too  modest  to  mention  his 
excellent  report  of  tests  of  centrifugal  pumping  plants  published 
in  the  United  States  Report  of  Irrigation  and  Drainage  Investiga- 
tions, 1904.     Such  matter  is  scarce  and  valuable. 

*  Transactions.  Am.  Soc.  C.  E.,  Vol.  LI,  p.  222. 
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GABRIEL  LEVERICH.  M.  Am.  Soc.  C.  E.* 


Died  November  28th,  1905. 


Gabriel  Leverich  was  born  on  a  farm  about  five  miles  from 
Elmira,  New  York,  on  Angiist  19th,  1834.  He  was  the  son  of 
Samuel  and  Sarah  Leverich,  for  many  years  residents  of  New 
York  City. 

In  his  early  years  he  attended  what  was  then  called  the  District 
(public)  school  in  the  vicinity,  where  he  excelled  in  all  his  studies. 

His  taste  seemed  to  be  decidedly  for  mechanical  work,  and 
among  his  early  inventions  were  a  hay-rake,  much  like  the  one  now 
generally  used;  a  hay-fork  for  use  by  horse  power,  and  other  in- 
genious and  practical  inventions. 

Two  intimate  friends  and  near  neighbors,  of  about  his  own  age, 
were  graduates  of  the  Rensselaer  Polytechnic  Institute,  and  this  led 
him  also  to  attend  the  institute,  from  which  he  was  graduated  in 
1857. 

His  first  engagement,  after  graduation,  was  at  the  Trenton  Loco- 
motive Works,  where  machinery  for  the  manufacture  of  small  arms 
was  about  to  be  introduced.  In  this  connection  he  spent  some  time 
at  the  works  near  Springfield,  Massachusetts,  obtaining  data  from 
which  he  designed  and  constructed  the  necessary  tools. 

At  this  time  Mr.  Wiard  was  at  Trenton,  engaged  in  the  con- 
struction of  heavy  ordnance  embodying  proposed  improvements, 
and  Mr.  Leverich  became  interested  in  the  matter.  This,  at  a 
later  date,  led  to  his  employment  at  Boston  in  the  design  of  the 
'•Thompson  gun."  The  writer  does  not  remember  the  details  of 
this,  but  Mr.  Leverich  was  one  of  the  first  to  shrink  on  a  jacket  or 
insert  a  lining.  This  involved  the  refined  accuracy  of  measure- 
ment with  which  we  are  now  so  familiar. 

Other  enterprises  with  which  he  was  intimately  connected  were: 
the  design  and  construction  of  apparatus  for  the  destructive  dis- 
tillation of  wood,  in  which  all  the  products  were  saved;  also,  of 
machinery  for  the  manufacture  of  fuel  briquettes,  by  the  compres- 
sion of  peat;  and  of  improvements  in  the  propulsion  of  tram  cars. 

Mr.  Leverich  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  July  6th,  1870,  and  from  1872  to  1877,  inclusive, 

*Memoir  prepared  by  Francis  Collingwood,  M.  Am.  Soc.  C.  E. 
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served  as  Secretary  of  the  Society.  In  these  trying  years  of  the 
Society's  history,  while  nominally  receiving  a  fair  salary,  he  spent 
a  considerable  proportion  of  it  in  paying  expenses  vphich  he  deemed 
essential  for  its  advancement,  and  for  which  the  income  was  in- 
sufficient.    Only  his  most  intimate  friends  knew  of  this,  however. 

His  services  upon  the  first  East  River  Bridge  began  when  the 
approaches  were  under  construction.  He  was  responsible  for  the 
general  features  of  the  design  of  the  Franklin  Square  Bridge,  where 
the  complexities  of  construction  were  very  considerable.  He  took 
an  important  part,  also,  in  the  design  of  the  New  York  station;  and 
had  entire  charge  of  the  changes,  in  both  the  New  York  and  Brook- 
lyn stations,  made  necessary  by  the  great  increase  in  traffic.  These 
have  more  than  doubled  the  carrying  capacity  of  the  bridge. 

The  rapid  growth  of  traffic  made  it  necessary  also  to  improve  the 
apparatus  for  propelling  the  cars  on  the  bridge  and  increase  its 
power.  In  carrying  this  out,  !Mr.  Leverich  showed  an  accurate 
knowledge  of  mechanical  devices,  and  of  the  principles  of  mechanics ; 
and  the  machinery  is  a  model  of  ingenuity  and  effectiveness.  This 
apparatus  is  described  in  a  paper  by  him  in  Vol.  XVIII  of  the 
Transactions  of  the  Society.  He  contributed  several  other  papers 
and  discussions  to  the  Transactions.  All  are  noted  for  their  clear- 
ness and  accuracy  of  thought  and  expression.  This  was  character- 
istic of  all  his  work,  and  enabled  him  to  answer  all  objections  and 
carry  his  plans  through  to  completion. 

He  died  at  the  age  of  71,  having  been  an  invalid  for  about  six 
years,  leaving  a  widow  and  a  married  daughter. 

Mr.  Leverich  was  bright  and  cheerful  in  disposition,  and  a  good 
conversationalist.  He  was  generous  to  a  fault,  and  often,  to  his 
own  detriment,  helped  others.  He  kept  fully  posted  in  all  pro- 
fessional, industrial  and  political  matters. 

In  early  life  he  joined  the  Episcopal  Church,  and  was  always 
interested  in  its  welfare. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


March  7th,  1906. — The  meeting  was  called  to  order  at  8.40  P.  m.; 
Vice-President  Kuichling  in  the  chair;  T.  J.  McMinn,  Assistant 
Secretary,  acting  as  Secretary;  and  present,  also,  104  members  and 
18  guests. 

The  minutes  of  the  meetings  of  February  7th,  14th  and  21st, 
1906,  were  approved  as  printed  in  the  Proceedings  for  February, 
1906. 

A  paper  by  Ernst  F.  Jonson,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"The  Theory  of  Continuous  Columns,"  was  presented  by  the  av 

Ballots  for  membership  were  canvassed,  and  the  follow'  -*^"'  ^^®*^ 
dates  elected: 

As  Members.  ^^  1^03;  died 

Philip  Henry  Coombs,  Bangor,  Me. 
Frederick  Leman  Garlinghouse,  Pittsburg. 
John  Francis  Murray,  Lancaster,  Pa. 
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Emery  Oliver^  Oroville,  Cal. 
Arthur  Breese  Proal,  Jr.^  New  York  City. 
EowiNf  Charles  Swezey,  Brooklyn,  N.  Y. 
Thomas  Monroe  Ward^  Baltimore,  Md. 

As  Assocute  Members. 

Henry  James  Alexander,  New  York  City. 

Walter  Loring  Anthony,  Providence,  E.  I. 

Walter  Buehler,  Minneapolis,  Minn. 

Warren  Vester  Clark,  Berkeley,  Cal. 

Vernon  Eoyce  Covell,  Pittsburg,  Pa. 

Philip  Henry  Palter,  Shawinigan  Falls,  Que.,  Canada. 

E.AMIRO  Ferradas,  New  York  City. 

John  Peden  Gardiner,  New  York  City. 

John  Stanton  Goodell,  Cleburne,  Tex. 

Stephen  Ford  Holtzman,  New  York  City. 

Francis  Rea  Jones,  Topeka,  Kans. 

Charles  Whiteside  Keith,  Chicago,  111. 

Elsworth  Mortimer  Lee,  New  York  City. 

Richard  Denny  Parker,  Houston,  Tex. 

George  Loomis  Robinson,  New  York  City. 

George  Otis  Sanford,  Glendive,  Mont. 

Horace  Richmond  Thayer,  South  Bethlehem,  Pa. 

Jerome  Frederick  Wilhelm,  Paragould,  Ark. 

Roger  Butler  Williams,  Jr.,  New  York  City. 

As  Associates. 

Daniel  Griffith  Ambler,  Washington,  D.  C. 
Harold  Bouton,  New  York  City. 

The  Assistant  Secretary  announced : 

The    transfer    of    the    following    candidates,    by    the    Board    of 
Direction,  on  March  6th,  1906 : 

From  Associate  Member  to  Member. 

George  Baum,  Niagara  Falls,  Ont.,  Canada. 
Arthur  Lincoln  Davis,  New  York  City. 
Alfred  Courtney  Lewerenz,  Bremerton,  Wash. 

'-?  Larkin  Shaw,  Chicago,  111. 

"'^1  Sparrow  Wood,  Providence,  R.  I. 

From  Associate  to  Member. 
^ENZO  Abbott,  New  York  City. 
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The  election  of  the  following  candidates,  by  the  Board  of 
Direction : 

As  Juniors. 
On  February  6th,  1906 : 

Arthur  Cassidy  Everham,  Detroit,  Mich. 
Norman  Roosevelt  McLure,  Ardmore,  Pa. 
William  Thomas  Piper,  Nashville,  Tenn. 

On  March  6th,  1906 : 

Nora  Stanton  Blatcii,  New  York  City. 

Howard  Emory  Bushnell,  Hartford,  Conn. 

WiLLUM  Peyton  Day,  San  Francisco,  Cal. 

Roger  DeLand  French,  Worcester,  Mass. 

Elbert  Allan  Gibbs,  Ithaca,  N.  Y. 

Charles  Edward  Hayes,  Cincinnati,  Ohio. 

Howard  Benson  Wilberforce  Howie,  Chattanooga,  Tenn. 

Arthur  James  McNeil,  Whittier,  Cal. 

Vincent  Roberts,  New  York  City. 

Adjourned. 

March  2ist,  1906. — The  meeting  was  called  to  order  at  8.40  P.  M., 
Yice-President  Kuichling  in  the  chair;  T.  J.  McMinn,  Assistant 
Secretary,  acting  as  Secretary;  and  present,  also,  148  members  and 
28  guests. 

A  paper,  by  Theodore  Cooper,  M.  Am.  Soc.  C.  E.,  entitled  "New 
Facts  about  Eye-Bars,"  was  presented  by  the  author. 

The  Assistant  Secretary  presented  written  communications  on  the 
subject  from  Messrs.  Albert  J.  Himes,  A.  W.  Carpenter  and  John 
Thomson,  and  the  paper  was  discussed  orally  by  Messrs.  H.  B.  Sea- 
man, Mansfield  Merriman,  Mace  Moulton  and  the  author. 

The  Assistant  Secretary  announced  the  following  deaths: 

John  .James  Robertson  Croes,  Past-President,  Am.  Soc.  C.  E., 
elected  Member,  December  4th,  1867;  President,  January  16th,  1901, 
to  January  loth,  1902;  Vice-President,  January  18th,  1888,  to  Janu- 
ary 16th,  1889;  Treasurer,  November  7th,  1877,  to  January  18th, 
1888,  and  Director,  November  1st,  1876,  to  November  7th,  1877; 
died  March  17th,  1906. 

William  Thomas  Pierce,  elected  Member,  May  6th,  1896;  died 
March  10th,  1906. 

Per  Brynn,  elected  Associate  Member,  February  4th,  190.3;  died 
February  10th,  1906. 

Adjourned. 
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OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

March  6th,  1906. — President  Stearns  in  the  chair;  T.  J.  McMinn, 
Assistant  Secretary,  acting  as  Secretary,  and  present,  also,  Messrs. 
Bissell,  Bowman,  Ellis,  Gowen,  Green,  Knap,  Kuichling,  Lewis, 
Noble,  Schneider,  Sherrerd,  Swensson,  and  Webster. 

The  following  committee  was  appointed  to  take  charge  of  the 
arrangements  for  the  Annual  Convention: 

Messrs.  Charles  S.  Gowen,  John  W.  Ellis,  J.  Waldo  Smith, 
Morris  R.  Sherrerd,  and  Chas.  Warren  Hunt. 

Applications  were  considered,  and  other  routine  business  trans- 
acted. 

Five  Associate  Members  were  transferred  to  the  grade  of  Member, 
one  Associate  was  transferred  to  the  grade  of  Member,  and  nine 
candidates  for  Junior  were  elected. 

Adjourned. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  April  4th,  1906. — 8.30  P.  m. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper,  entitled  "The  Panama  Canal,"  by  A.  G.  Menocal, 
M.  Am.  Sec.  C.  E.,  will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  February,  1906, 

Wednesday,  April  18th,  1906. — 8.30  P.  M. — At  this  meeting  a 
paper,  entitled  "A  Complete  Analysis  of  General  Flexure  in  a 
Straight  Bar  of  Uniform  Cross-Section,"  by  L.  J.  Johnson,  M.  Am. 
Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  February,  1906. 

Wednesday,  May  2d,  1906. — 8.30  P.  m. — A  regular  business  meet- 
ing will  be  held.  Ballots  for  membership  will  be  canvassed,  and  a 
paper,  entitled  "The  Control  of  Hydraulic  Mining  in  California  by 
the  Federal  Government,"  by  William  W.  Harts,  M.  Am.  Soc.  C.  E., 
will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  February,  1906. 

Wednesday,  May  i6th,  1906.— 8.30  P.  M.— At  this  meeting  a 
paper,  entitled  "The  Scranton  Tunnel  of  the  Lackawanna  and 
Wyoming  Valley  Eailroad,"  by  George  B.  Francis  and  W.  F.  Dennis, 
Members,  Am.  Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 


ANNUAL  CONVENTION. 

The  Thirty-eight  Annual  Convention  of  the  Society  will  be  held 
at  The  Hotel  Frontenac,  Thousand  Islands,  New  York,  on  June  26th 
to  29th,  1906. 

The  general  arrangements  for  the  Convention  are  in  the  hands 
of  the  following  Committee : 

Charles  S.  Gowen, 
John  W.  Ellis,  Morris  R.  Sherrerd, 

J.  Waldo  Smith,  Chas.  Warren  Hunt. 
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PRIVILEGES    OF    ENGINEERING     SOCIETIES 

EXTENDED   TO   MEMBERS   OF  THE 
AMERICAN    SOCIETY  OF  CIVIL    ENGINEERS. 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of 
their  Eeading  Booms  and  at  all  meetings: 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
England. 

American  Institute  of  Mining  Engineers,  99  John  Street,  New 
York  City. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Civil  Engineers'  Club  of  Cleveland,  1200  Scofield  Building,  Cleve- 
land, Ohio. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Philadelphia,  1122  Girard  Street,  Philadel- 
phia, Pa. 

Engineers'  Society  of  Western  Pennsylvania,  410  Penn  Avenue, 
Pittsburg,  Pa. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago, 
III. 

Louisiana  Engineering  Society,  604  Tulane-Newcomb  Building, 
New  Orleans,  La. 

Engineers'  Club  of  Central  Pennsylvania,  Corner,  Second  and 
Walnut  Streets,  Harrisburg,  Pa. 

Engineers'  and  Architects'  Club  of  Louisville,  Ky.,  303  Norton 
Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 

Teknisk  Forening,  Yestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Societe  des  Ingenieurs  CivUs  de  France,  19  Rue  Blanche,  Paris, 
France. 

Svenska  Teknologforenigen,  Brunkebergstorg  18,  Stockholm,  Swe- 
den. 

Institute  of  Marine  Engineers,  .58  Romford  Road,  Stratford,  Lon- 
don, E.,  England. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Sachsischer  Ingenieur-  und  Architekten-  Verein,  Dresden,  Ger- 
many. 

Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portu- 
gal. 

Pacific  Northwest  Society  of  Engineers,  617-618  Pioneer 
Buildino^.  Seattle,  Wash. 
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Institution  of  Naval  Architects,  5  Adelphi  Terrace,  Loudon, 
W.  C,  England. 

Memphis  Engineering  Society,  Memphis,  Tenn. 

Oesterreichischer  lngenieur=  und  Architekten=Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

The  Junior  Institution  of  Engineers,  39  Victoria  Street,  West- 
minster, S.  W.,  Loudon,  England. 

Institution  of  Engineers  of  the  River  Plate,  Buenos  Aires,  Ar- 
gentine Republic. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Koninklijk  Instltuut  van  Ingenieurs,  The  Hague,  The  Nether- 
lands. 

SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost 
to  the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information 
on  special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases 
it  is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the 
cost  of  searches  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involv- 
ing search  through  periodical  literature,  is  desired. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  rebruary  14th  to  March  13th,  190G. 
DONATIONS.* 

MANUAL   OF  EXAMINATIONS   FOR   ENQINEERINQ   POSITIONS 

In  the  Civil  Service  of  the  City  of  New  York.  Questions  and 
Answers  in  3  volumes.  Vol.  I,  Part  IV,  Transitman  and  Computer; 
Vol.  II,  Part  I,  Assistant  Engineer,  Eapid  Transit  Commission.  Paper, 
9  X  6  in.,  illus.,  2  parts.  New  York,  The  Engineering  News  Publish- 
ing Company,  1906.  Vol.  I,  Part  IV,  r,0  cents;  Vol.  II,  Part  I,  75 
cents. 

The  preface  state?  that  in  the  "Previous  Examination  Papers"  which  have 
been  included  in  this  book,  the  questions  may  not,  in  all  cases,  be  identical  in 
wording  with  those  actually  given  at  the  examinations,  as  copies  of  the  original 
papers  are  not  readily  procurable,  but  they  do  embody  the  substance  of  the 
questions  asked.  In  the  section  devoted  to  "Typical  Questions  and  Answers," 
it  is  stated,  that  the  answers  indicate  only  in  a  general  way  what  is  required 
of  the  candidate,  and  are  not  intended  to  be  perfect  and  complete,  as  reasonable 
variance  of  opinion  may  exist  as  to  the  best  answer  in  many  cases,  owing  to 
differences  in  interpretations  of  the  question  and  in  education  and  experience. 
Blank  leaves  have  been  inserted  after  the  "Previous  Examination  Papers"  to 
allow  for  the  convenient  addition  of  new  sets,  and  the  "Typical  Questions  and 
Answers"  have  been  interleaved  in  order  to  provide  space  for  notes,  sketches 
and  additions, 

ELECTRIC  POWER   TRANSMISSION. 

A  Practical  Treatise  for  Practical  Men.     By  Louis  Bell.'   Cloth, 

9  X  6  in.,  illus.,  721  pp.     New  York,  McGraw  Publishing  Company, 

1906.     ^4  net. 

The  preface  states  that,  although  there  have  been  very  few  sensational 
changes  in  electric  power  transmission,  the  aggregate  of  minor  changes  in  the 
past  three  years  has  made  a  new  edition  imperative.  The  author  has  found  it 
needful  to  devote  some  special  attention  to  the  important  accessory  apparatus 
of  which  modern  stations  are  full,  and  to  make  use  of  considerable  new  mate- 
rial of  a  more  general  sort,  as  well  as  to  eliminate  some  descriptive  matter 
which  had  to  do  with  things  which  are  obsolete  and  without  historical  import- 
ance. It  is  stated  that  in  retaining  merely  as  a  matter  of  general  interest  a 
list  of  high  voltage  transmission  plants  nothing  under  20  000  volts  is  included, 
as  it  has  now  become  a  hopeless  task  to  keep  track  of  10  000  volt  plants.  There 
is  an  index  of  sixteen  pages. 

PRACTICAL    ELECTRIC  RAILWAY   HAND   BOOK. 

By  Albert  B.  Herrick.     Second  Edition,  Kevised  and  Corrected. 

Leather,  7X4  in.,  illus.,  460  pp.     New  York,  McGraw  Publishing 

Company,  1906.     $3  net. 

The  preface  states  that  in  this  edition  a  number  of  sections  have  been 
rewritten  and  expanded,  and  new  subjects  have  been  introduced  to  accord  with 
recent  developments  in  the  electric  transportation  industry.  New  methods  of 
testing  have  also  been  described,  and  data  on  new  types  of  apparatus  have 
been  added.  It  has  been  the  author's  effort  to  develop  this  Hand  Book  along  the 
lines  originally  proposed  and  to  keep  within  the  limits  of  what  is  accepted  as 
conservative  engineering.  He  has  also  restricted  the  use  of  formulas  and  mathe- 
matics as  far  as  possible,  so  as  to  make  the  text  useful  to  the  greatest  number 
of  co-laborers  in  this  field.      There  is  an  index  of  nine  pages. 

MODERN  TUNNEL  PRACTICE. 

Illustrated  by  Examples  taken  from  Actual  Recent  Work  in  the 

United    States    and   in    Foreign    Countries.       Bv    David    McNeely 

Stauffer,   M.   Am.  Soc.  C.  E.     Cloth,  10  X  7  in.^  illus.,  8  +  314  pp. 

New  York,  Engineering  News  Publishing  Company,  1906.     $5  net. 

The  preface  states  ^that,  in  the  arrangement  of  this  work,  especial  effort 
has  been  made  to  present  modern  practice  in  tunneling  under  as  many  varying 
conditions    as    possible,     and    to    describe    clearly    and    concisely    the    methods 


♦Unless    otherwise    specified,    books    in   this    list   have    been    donated    by    the 
publisher. 
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actually  adopted  in  carrying  on  the  work  under  certain  controlling  conditions. 
The  material  used  is  very  largely  taken  from  the  detailed  descriptions  found  in 
the  pages  of  technical  journals  and  in  the  proceedings  of  engineering  societies, 
supplemented  by  the  personal  experience  of  engineers  and  contractors.  Illus- 
tration is  very  freely  used.  It  is  stated  that  the  description  of  any  especial 
method  is  prefaced  by  a  brief  statement  of  the  physical  conditions  which  called 
for  some  particular  treatment.  It  is  intended  that  the  examples  cited  should 
be  typical  modern  cases  aud  cover  a  wide  range  of  practice ;  no  attempt  has 
been  made  to  include  every  important  tunnel.  What  is  said  here  on  the 
subject  of  surveying  is  meant  simply  as  a  general  statement  of  the  processes 
Involved  and  of  their  sequence.  The  composition,  nature  and  use  of  modern 
explosives  have  been  treated  at  considerable  length  ;  but  much  has  been  left 
out  that  was  considered  as  having  little  bearing  on  tunnel  building.  There  is 
a  glossary  of  unusual  terms  used  in  tunneling  and  an  index  of  six  pages. 

Gifts  have  also  been  received  from  the  following: 

Abner  Doble  Co.  4  pam.  National  Board  of  Fire  Underwriters 
Alabama — Geol.    Surv.      1   map.  Committee  of  Twenty.      2  pam. 

Am.  Ceramic  Soc.  1  vol.  New  South  Wales — Govt.  Statistician. 
Assoc,    of   Ry.    Supts.    of    Bridges    and  1  pam. 

BIdgs.  1  vol.  New  York  State — Board  of  R.  R. 
Baltimore,      Md. — Harbor      Board.      1  Commrs.     2  bound  vol. 

pam.  New  York  State — Museum.  2  bound 
Behr,  H.  C.     1  vol.  vol. 

Canada — Hydrographic  Surv.  4  maps.  North  of  England  Inst,  of  Min.  and 
Cape   of   Good    Hope — Dept.    of    Public  Mech.  Engrs.     2  pam. 

Works.     1  vol.  Piatt,  T.  C.     1  vol. 

Chicago,    Peoria    &    St.    Louis   Ry.    Co.  Poor's  R.  R.  Manual  Co.      1  vol. 

1  pam.  Schenectady,  N.  Y. — City  Engr.  2 
Cincinnati,  Hamilton  &  Dayton  Ry.  Co.  pam. 

1  pam.  Smith,  J.  A.      1  pam. 

Committee     of     Locomotive,     Carriage  South    Australia — Public    Works   Dept. 

and  Wagon  Supts.  for  Indian  Rail-  1  vol. 

ways.      1  bound  vol.  Thompson,  R.  A.      1  pam. 

Hague,  C.  A.     2  pam.  U.  S.  Bureau  of  Labor.     1  vol. 

Iron  and  Steel  Inst.     1  bound  vol.  U.  S.  Forest  Service.     5  pam. 

King,   G.  A.  and  W.   B.     2  pam.  U.  S.  Geol.  Surv.     6  vol.,  99  maps. 

Kirchoffer,  W.  G.  1  vol.  U.  S.  Interstate  Commerce  Comm.  3 
Koniglichen  Tech.  Hochschule  zu  Ber-  bound  vol. 

lin.     1  pam.  U.   S.   Isthmian   Canal  Comm.     1  pam. 

Koninklijk    Inst,    van    Ingenieurs.      1  U.  S.  Lake  Survey  Office.     5  maps. 

pam.  U.  S.  Naval  War  Records  Office  and  Li- 
Lake  Mohonk  Conference  of  the  Friends  brary.      1   vol. 

of  the  Indian  and  other  Dependent  U.   S.   Office  of  Public   Road   Inquiries. 

Peoples.     1  vol.  3  pam. 

Maryland — Geol.  Surv.     1  bound  vol.  U.  S.  Secy,  of  War.     4  bound  vol. 

Mead,  Elwood.      8  pam.  Univ.  of  Pennsylvania.      1  vol. 

Mich. — State     Board     of     Health.       1  Wellington,      New      Zealand — Harbour 

bound  vol.  Board.     1  pam. 

Mich.  Univ.  Eng.  Soc.  1  pam.  Western  Australia — Govt.  Rys.  1  vol. 
Millard,  J.  H.     18  pam. 

BY  PURCHASE. 

The  Irrigation  Works  of  India.  By  Eobert  Burton  Buckley.  Sec- 
ond Edition.  London,  E.  &  F.  N.  Spon,  Ltd.;  IST.  Y.,  Spon  &  Cham- 
berlain, 1905. 

The  Nature  of  Ore  Deposits.  By  Richard  Beck;  Translated  and 
Revised  by  Walter  Harvey  Weed.  Vols.  1-2.  'New  York  and  Lon- 
don, The  Engineering  and  Mining  Journal,  1905. 

A  Handbook  of  Rocks  for  Use  Without  the  Microscope.  By 
James  Furman  Kemp.  Third  Edition  Revised.  Nevf  York,  D.  Van 
ITostrand  Company,  1906. 

The  Mineral  Industry  During  1904.  Vol.  XIII.  N^ew  York  and 
London.  The  Engineering  and  Mining  Journal,  1905. 
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Die  Entwickelung  des  Niederrheinlsch=WestfaUschen  Stein=> 
kohlen-Bergbaues  in  der  zweiten  Halfte  des  19  Jahrhunderts.  Vol. 
YIII. — Dispositiou  der  Tagesanlagen,  Dampferzeugung,  Central- 
kondensation,  Luftkompressoren,  Elektrische  Centralen.  Berlin, 
Julius  Springer,  1905. 


SUMMARY  OF  ACCESSIONS. 

February  14th  to  March  13th,  1906. 

Donations  (including  15  duplicates) 213 

By  purchase 6 

Total ' 219 
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ADDITIONS. 

MEMBERS. 


Date  Of 
Membership. 

1886 

1895 

1906 


)  Jim.  Sept.     1 

Abbott,    Edward    Lorenzo.     71    Broadway,  (  a  gg^p  Anril  SO 

New  York  City.... \^        '  ^^^,      ^ 

BaiiLINGER,    Walter  Francis.     S.    W.    Cor.    12th    and 

Chestnut  Sts.,  Philadelphia,  Pa Feb.  7 

Barnsley,     George     Thomas.       Chf.    Road  n  Jun.  May  31 

Engr.,  Allegheny  County,  Court  House,  V  Assoc.  M.  May  7 

Pittsburg  (Res.,  Oakmont),  Pa )  M.  Feb.  6 

Dahm,  Sverre.     Gen.    Insp.    of  Designs,  Rapid  Transit 

R.  R.  Comm.,  320  Broadway,  New  York  City Feb.  7 

^  Jun.  Feb.      6 

Haas,    Edward   Francis.     320   Satisome   St. ,  (  ^ggQ„  tit      g„„f     c 

San  Francisco,  Cal [  j^  p  ,        ^ 

Hammond,    George    Tillinghast.      156    Berkeley    PL, 

Brooklyn,  N.  Y Feb.      7 

Hammond,    John    Farnsworth.      335    Flatbush    Ave., 

Brooklyn,  N.  Y Feb.      7 

Hunt,  Andrew  Murray.     Union  Trust  Bldg.,  San  Fran- 
cisco, Cal Feb.      7 

HxJNTER,  William  Henry.     Chf.  Engr. ,  Manchester  Ship 
Canal,  41  Spring  Gardens,  Manchester,  England. .  . . 

Lentilhon,      Eugene.       Engr.    for     Chilean  \  Jun. 

Contr.  Co.,  43  Exchange  PI.,  New  York  v  Assoc.  M. 
City )  M. 

Lepper,    Fred   William.     Supt.,  Constr.    of  \ 

Public  Bldgs.,  504  Chamber  of  Commerce  I  ^^soc.  M. 
Bldg.,  Cleveland,  Ohio j  ^• 

MooRE,  William  Edwin.     Clarkston,  Wash Feb 

MuESER,  William.     822  Park  Row  Bldg.,  New  York  City. 

Randall,  Henry  Irwin.     Asst.  Engr.,   S.  P.  R.  R.  Co., 

2000  Durant  Ave.,  Berkeley,  Cal Feb.      7 

ScHAEFEER,  Amos.     Engr.,  Sewer  Div.,  Rapid   | 

Transit   R.    R.    Comm.,    10   Bridge  St.    \  Assoc.  M.     Feb.      3 
(Res.,    2309     Loring     PL,      University   j   M.  Feb.      6 

Heights),  New  York  City ' | 


Feb. 

7, 

1906 

Mar. 

1, 

1891 

Mar. 

6, 

1895 

Feb. 

6, 

1906 

Jan. 

2, 

1901 

Feb. 

6, 

1906 

Feb. 

7, 

1906 

Feb. 

7, 

1906 

1906 
1892 
1894 
1906 

1906 
1894 
1900 
1906 

1906 

1906 

1906 


1906 

1904 
1906 


associate  members. 

Allardice,  Elliot  Ritchie  Barclay.  Div.  Engr., 
Met.  Water  and  Sewerage  Board,  P.  O.  Box  38,  Clin- 
ton, Mass Dec.      6,  1905 

Anthony,  Walter  Loring.     Engr.    in  Chg.,  ^ 

Providence   Office,    The   R.   H.    Tingley  l'''"^-  '^^^-      5-  l^O* 

Co.,  75  Westminster  St.,  Providence,  R.I.  )  ^^soc.  M.     Mar.     7,  1906 
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Associate  Members  (Continued). 


Jun. 


j  Assoc.  M.     Nov.     1 
City  Engr.,  Cape  May  City, 


Jun. 
Assoc.  M. 


AeMSTRONG,        AliEXANDEE        FlOYD.         Supt., 

Water  Supply  and  Sewers,  Manila,  Phil- 
ippine Islands 

Baklow,  De  Witt  Dukes 

N.J 

Cornish,  Lorenzo  Dana.     U.  S.  Junior  Engr.,  }  Jun. 

U.  S.  Engr.  Office,  Beaver,  Pa )  Assoc.  M. 

Craig,  George  Washington.  Asst.  City  Engr.,  Omaha, 
Nebr 

Dencer,  Frederick  WiLiiiAM.  Clybourn  and  Wrightwood 
Aves. ,  Chicago,  111 

Halsey,  Edmund  Eyond.     164  Market  St.,  Newark,  N.J. 

Harrington,  Harry  Garfield.  Eng.  Dept., 
The  New  Jersey  Zinc  Co.,  71  Broadway, 
New  York  City 

Heckle,  George  Kogers.  Hotel  Vendome,  Columbus, 
Ohio 

HoGUE,  Chester  James.     101  Tremont  St.,  Boston,  Mass. 

Jouett,  Henry  Detrick.  65  West  92d  St.,  New  York 
City 

Kirkham,  John  Edward.  Asst.  Engr.,  Am.  Bridge  Co., 
Ambridge,  Pa 

Meadowcroft,  William.  Iloilo,  Paney,  Philippine 
Islands 

Moore,    Egbert    Jessup.     Designing  Engr.   ] 

for  The  Turner  Constr.  Co.,  11  Broad-   j  Jun. 
way,  New  York  City  (Kes.,  80  Cornell    }-  Assoc.  M. 
Ave.,  Yonkers,  N.  Y.) J 

North,  Arthur  Tappan.  Chf.  Engr.,  National  Fire 
Proofing  Co.  (Western  Dept.),  806  Hartford  Bldg., 
Chicago,  111 

OiNOUYE,  Chikao.  With  Pennsylvania  Steel  Co.,  Steel- 
ton,  Pa 

Perkins,  Albert  Henry.  Engr.,  U.  S.  Keclamation  Ser- 
vice, Cody,  Wyo 

Pill,  John  Richards.  Gen.  Supt.,  Galloway  Coal  Co., 
Carbon  Hill,  Ala 

Schuchart,  Paul  August.  Chf.  Engr.,  Bell  Eng.  & 
Constr.  Co.,  220  Broadway,  New  York  City 

Sparrow,  William  Warburton  Knox.  Queenstown, 
Cape  Colony,  South  Africa :    . . 

Stone,  Willard  Wilbeeforce.  Care,  Dr.  Chas.  Mur- 
phy, 74  West  35th  St.,  New  York  City 

Trow,  Frank  Hamant.  Div.  Engr.,  Met.  Water  and  Sewer- 
,age  Board,  19  Leighton  Ave.,  Clinton,  Mass 


Date  of 
Membership. 


Oct. 


Feb.  7 

April  5 

Feb.  7 

Feb.  7 

Feb.  7 

Feb.  7 

Jan.  7 

Feb.  7 

Feb.  7 

Dec.  6 

Feb.  7 

Feb.  7 

Dec.  6 

Mar.  31 

Feb.  7 


1902 
1905 

1906 
1904 
1906 


1906 

1906 
1906 

1902 
1906 

1906 
1905 

1906 

1906 

1905 

1903 
1906 


Feb.  7,  1906 

Feb.  7,  1906 

Feb.  7,  1906 

Feb.  7,  1906 

Feb.  7,  1906 

Dec.  6,  1905 

Feb.  7,  1906 

Feb.  7,  1906 
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Associate  Members  (Contirmed). 

Date  of 
Membership. 
"Welles,  Earle  Hubbel.     3848  Prospect  Ave.,  Cleveland, 

Ohio Feb.      7,1906 

Williams,  Samuel  Walter.     244  Fifth  Ave.,  New  York 

City Feb.      7,1906 

Williamson,  Charles  Sumner.     Care,    Heyl  &  Patter- 
son, Inc.,  52  Water  St.,  Pittsburg,  Pa Feb.      7,1906 

ASSOCIATES. 

MoYER,  Albert.     Mgr.  and  Director,  Vulcanite  Portland 

Cement  Co.,  Flatiron  Bldg.,  New  York  City Feb.      7,  1906 

Woodbury,  John  McGaw.     Commr.  of  Street  Cleaning, 

21  Park  Row,  New  York  City Feb.      7,  1906 

juniors. 

Brua,  Elmer  George.     Monterey,  Cal Feb.  6,  1906 

Crowell,  Francis  Stirling.     188  Franklin  PL,    Flush- 
ing, N.  Y Feb.  6,1906 

EvERHAM,  Arthur  Cassidy.     M.  C.  Depot,  Detroit,  Mich.  Feb.  6,  1906 

McLuRE,  Norman  Eoosevelt.     Ardmore,  Pa Feb.  6,  1906 

Metzger,  Fritz  Louis.     Freedom,  Pa Feb.  6,  1906 

O'Neal,  Alfred  Moore,  Jr.     1913  Amsterdam  Ave. ,  New 

York  City Jan.  2,  1906 

Owen,  Kenneth  Dunham.     Montclair,  N.  J Feb.  6,  1906 

Piper,   William  Thomas.     300   South  8th   Ave.,    Nash- 
ville, Tenn Feb.  6,  1906 

Van   Kirk,   Charles  Hinkley.     4754   Greenwood  Ave., 

Chicago,  111 Jan.  2,   1906 

Wormseb,  Moritz.     120  West  57th  St.,  New  York  City. . .  Feb.  6,  1906 

DEATHS. 


Pierce,  William  Thomas.  Elected  Member,  May  6th,  1896;  died 
February  26th,  1906. 

Croes,  John  James  Robertson.  Past-President,  elected  Member,  Decem- 
ber 4th,  1867  ;  died  March  17th,  1906. 

Brynn,  Per.  Elected  Associate  Member,  February  4th,  1903 ;  died 
February  10th,  1906. 
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Phila..  "1122  Girard  St.,  Phila-         (29) 
delphia.  Pa. 
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(7)  Technology  Quarterly,  Mass.  Inst.        (34) 
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(10)  Cassier's     Magazine,     New     York        (37) 

City,   25c. 
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(12)  The    Engineer    (London),    Inter- 
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(16)  Engineering  and  Mining  Journal, 
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(18)  Railway     and     Engineering     Be-        (46) 

view,  Chicago,  111.,  10c. 

(19)  Scientific    American    Supplement,        (47) 
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(58)  Proccedinos,    Eng.    Soc.    W.    Pa.,  (73)    Electrician,      London,      England, 
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castle-upon-Tyne,  England.  Engrs.,  London,  England. 

(60)  Municipal    Engineering,     Indian-  (76)    Brick.   Chicago,   10c. 

apolis,   Ind.,   25c.  (77)    Journal.   Inst.  Elec.  Engrs.,  Lon- 

(61)  Proceedings.      Western      Railway  don,  England. 

Club,    225    Dearborn    St.,    Chi-  (78)    Beton    und    Eisen,    Vienna,    Aus- 

cago.  111.,  25c.  tria. 

(62)  American  Manufacturer  and  Iron  (79)    Forscherarheiten,     Vienna,     Aus- 

World,  59  Ninth  St.,  Pittsburg.  tria. 

Pa.  (80)    Ton jndMsfrie-ZeitMn.(7,  Berlin,  Ger- 

(63)  Minutes   of  Proceedings,   Inst.   C.  many. 

E,  London,  England.  (81)    Zeitschrift    filr    Architektur    und 

(64)  Power,  New  York  City,   20c.  Ingenieurioesen,         Wiesbaden, 
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Railroad  Club,  Brooklyn,  N.  Y.,  (82)    Dinglers     Polytechnisches     Jour- 

15c.  rial.  Berlin,  Germany. 

(66)  Journal  of  Gas  Lighting,  London,  (83)    Progressive  Age,  New  York  City, 

England,   15c.  15c. 

(67)  Cement    and    Engineering    News, 

Chicago,    111.,   25c. 


LIST  OF  ARTICLES. 
Bridge. 

Urban   Bridges.      Willis  Whited.      (58)   Feb. 

Girder  Renewals,  N.  W.  R.,   India.*      G.  H.  List.      (12)    Serial  beginning  Feb.   9. 

Secondary   Members  of  the   Island   Span   of  the   Blackwell's   Island    Bridge,   New 

York.*      (14)    Feb.    10. 
The  Reinforeed-Concrete   Bridge   at  Trinidad,   Col.*      (14)    Feb.    10. 
Plate  Girder  Spans  on  the  Chicago,   Burlington  &  Quincy  R.  R.*      (14)    Feb.  17. 
The   Storage  and   Handling  of  Members  for  the  Island   Span,   Blackwell's   Island 

Bridge.*      (14)    Feb.  17. 
Ferro-Concrete  Viaduct  at  Gennevilliers,   near  Paris.*      (11)    Feb.   23. 
Erection    of    Falsework    and    Pier    Pedestals,    Island    Span,    Blackwell's    Island 

Bridge.*      (14)    Feb.   24. 
The    Pollasky   Reinforced    Concrete   Bridge.*      (14)    Feb.    24. 
Reconstruction   of  the   Bismarck   Bridge.*      (14)    Feb.   24. 
The   Elizabeth    Eye-Bar   Suspension    Bridge.*      L.    Ramakers.      (9)    Mar. 
The    Danville    Arch    Bridge    of   the    Cleveland,    Cincinnati,    Chicago    &    St.    Louis 

Railway :     A    Description    of    a     Double-Track    Reinforced    Concrete    Bridge 

of  Unusual   Design.*      (14)    Mar.  3. 
The  New  Portland  Bridge.*      H.  A.  Crafts.      (14)   Mar.  3. 
Erection  of  the  Upper  Part  of  the  Trusses  of  the  Island  Span  of  Blackwell's  Island 

Bridge.*      (14)    Mar.   3. 
Rapid  Plate  Girder  Erection  with   a  Derrick  Car.      (14)    Mar.  3. 
Construction  Methods  at  the  Stone  Bridge  at  Hartford,  C!onn.*      (14)  Mar.  3. 
Excavating  and  Concreting  the  New  York  Anchorage  of  the  Manhattan  Bridge.* 

(14)    Mar.   3. 
The    Wabash   River    Bridge    at    Terre    Haute,    Indiana.*      Malverd    A.    Howe,    M. 

Am.   Soc.   C.   E.      (13)    Mar.    8. 
Calcul  des  Ponts  Courbes.      M.  Resal.      (43)    4e  Trimestre,   1905. 
Note  sur  un  Systeme  de  Pont  a  Arc  en  Charpente  et  a  Tirants  Metalliques.*      M. 

Thiolliere.      (43)  4e  Trimestre,   1905. 
Pont   a   Transbordeur   sur   le  Port-Vieux   a   Marseille.*      G.   Leinekugel    Le   (3ocq. 

(33)    Serial  beginning  Feb.  24. 
Gewolbegiirten  fiir  Grosse  Lasten.*      Rudolph  Heim.      (78)   Feb. 

Electrical. 

Researches  on  the  Magnetic  and  Electric  Properties  of  Various  Kinds  of  Sheet 
Steel  and  Steel  Castings.      Gunnar  Dillner  and  A.  F.  Enstrom.      (71)   Vol.  68. 

Lightning  Protection.*  J.  V.  E.  Titus.  (Paper  read  before  the  Ohio  Inter- 
urban  Ry.  Assoc,  and  the  Cent.  Elec.  Ry.  Assoc.)       (72)   Feb. 

The  Economy  of  Combined  Railway  and  Lighting  Plants.  Ernest  Gonzenbach. 
(Paper  read  before  the  Northwestern  Elec.  Assoc.)       (72)    Feb. 

♦Illustrated. 
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Electrical-  ( Continued ) . 

Repulsion    Induttion   Motor.*      Maurice  Milch.      (42)    Feb. 

Hydro-Eleitric  Plant  at  Montereale.*      (12)   Feb.  0. 

A    Contribution   to   the   Theory   of    the    Single-Phase    Induction    Motor.*      Val.   A. 

F'ynn.       (26)    Serial   beginning  Feb.    9. 
The  Che.sterfield  Electricity  and  Tramway  Undertakings.*      (26)  Feb.  9. 
Advantageous    Use   of   Highly    Magnetic   Metal    in    Radiation    Conductors.      James 

Foster   King.       (27)    Feb.    10. 
Modern    Underground   Construction    (for   Electric   Lighting   and    Power).      W.    D. 

Burford.      (Abstract    of    Paper    read    before    the    Northwestern    Eleo.    Assoc.) 

(27)    Feb.    10. 
The  Cooper-Hewitt  Single-Phase  Converter.*      (27)    Feb.   10. 
The  Mansfield  Electrical  Undertaking.*      (26)   Feb.  16. 

Series  Transformers   for   Wattmeters.      Lancelot   W.   Wild.       (73)    Feb.   16. 
The   Carbon    Regulator    for    Automatic    Booster   Control.*       (73)    Feb.    16. 
Mercury  Arc  Rectifior  for  Charging  Storage  Batteries.*      (46)   Feb.  17. 
The  Burlington,   Vt.,   Municipal  Electric  Plant.*      (27)   Feb.   17. 
The   Design  of  an   Isolated  Power  and  Lighting  Plant.      (27)    Feb.   17. 
Electric   Lighting  at  Tientsin.*      (26)    Feb.   23. 

Phasemeters   and  Their  Calibration.      W.   E.   Sumpuer.      (73)    Feb.   23. 
The  Testing  Room   of  the   Worcester  Electric  Light  Company.*       (27)    Feb.   24. 
The  District  Supply  System  of  the  North  Shore  Electric  Company,  near  Chicago.* 

(27)    Feb.  24. 
Canadian     Niagara     Development  :     The     Remarkable     Long     Distance     Electric 

Transmission  for  New  York  State.*      Orrln  E.  Dunlap.      (20)   Mar.  1. 
The  Dutch  Point  Station  of  the  Hartford  Electric  Light  Company.*      (27)   Mar.  3. 
Determination   of  Feeder-Drop.      J.    E.   Wallace.      (17)    Mar.    3. 
The  Design  of  a   Small  Electric  Power  Station.      James.  F.  Hobart.      (27)    Serial 

beginning   Mar.    3. 
The    Slide    Rule    as    a    Substitute    for   the    Wire    Table.      Carl    P.    Nachod.      (27) 

Mar.  3. 
Central   Station   Operation   and   District   Supply   at  Hillsboro,   111.*      (27)    Mar.  3. 
Residence    Wiring.*      Louis    J.    Auerbacher.      (27)    Mar.    3. 
Electrical    Conduit   Work   in    Fireproof   Buildings.*       (27)    Mar.    3. 
L'Usine   Hydro-Electrique   d'Entraygues   et    la   Distribution   d'Energie   Electrique 
dans  la  Region  de  Toulon.*      P.  Caufourier.      (33)    Feb.  3. 

Marine. 

Analyses    of    the    Trials    of    the    Ferry-Boat    Scranton.      A.    H.    Potbury,    E.    A. 

Stevens.  Jr.,  and  O.  von  Voigtlander.       (8)   Jan. 
Scotts'  Shipbuilding  and  Engineering  Works  at  Greenock.*      (11)    Feb.   9. 
Excavation  for  Dry  Dock  No.  4,  Brooklyn  Navy  Yard.*      (14)    Mar.  3. 

Mechanical. 

An   Efficient    Modern    Steam   Plant    in    Flour-Mill    Service.*      William   H.    Bryan. 

(1)    Jan. 
Some  Notes  on  Fuel  Briquetting  in  America.      Clarence  M.  Barber.      (1)    Jan. 
Report  of  a  Test  on  a  Portland  Cement  Plant.*      E.  C.   Soper.      (4)    Feb. 
The  Prime  Mover  of  the  Future.*      C.  E.  Sargent.      (4)   Feb. 
Available  Power  and  Cost  of  Operation  of  a  Power  Station  for  Waste  Gases  from 

a  Blast  Furnace  Plant.      H.  Freyn.      (4)    Feb. 
Power  Required   by   Machine   Tools,   with   Special  Reference  to   Individual   Motor 

Drive.*      G.    M.    Campbell.       (58)    Feb. 
Tests   of  Small   Compressors  *      Max   Kurth.      (45)    Feb. 
The  Flow  of  Steam  Through   Nozzles.*      (11)    Feb.   2. 
Superheated    Steam.      Michael    Longridge,    M.    Inst.    C.    E.      (Lecture    delivered 

before  the  Bradford   Eng.   Soc. )       (11)   Feb.   2. 
Gas-W^orks    Construction    in    Canada :    New    Coal-Gas    Plant    at    the    Winnipeg 

Gas- Works.*       (66)    Feb.    6. 
Design  and  Construction  of  Steam  Turbines.      Frank  Foster.      (47)   Feb.   10. 
A   Large  Testing   Machine.*       (47)    Feb.    10. 

A   Modern   Retort-House   Equipped   for  Horizontal   Working.*      (66)    Feb.   13. 
The   Steam   Consumption   of  Reciprocating   Engines.      T.   Stevens   and   H,   M.   Ho- 
bart.     (27)    Feb.   17. 
Improved  Westinghouse   Steam   Turbine.*      (47)    Feb.   17. 
Weight  in  Winding  Drums.*      R.   H.   Collingham.      (12)    Feb.   23. 
The  Economy  of  Steam  Turbines  Compared  with  that  of  Reciprocating  Engines. 

T.  Stevens  and  H.  M.  Hobart.      (27)   Feb.  24. 
Mechanical    Plant   of   the    New    Wanamaker    Store    in    New    York.*      (14)     Serial 

beginning  Feb.   24. 
Vertical    Retorts    for    the    Production    of    Illuminating    Gas.*      William    Young. 

(66)    Feb.    27. 
Smoke   Prevention   in   the   Modern   Power    Station.      John   B.    C.    Kershaw.      (64) 

Mar. 
Boiler-House   Economy.*      Alfred  W.   Bennis,   M.   I.  Mech.   E.      (10)    Mar. 

'Illustrated. 
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Mechanical — ( Continued ) . 

Electricity   in  the  Foundry.*      H.  S.  Knowlton.      (10)    Mar. 

The    Conditions    of    Mechanical    Draught    Production.      Walter    B.    Snow.      (10) 

Mar. 
The    Suction    Gas    Producer.*      W.    H.    Booth.      (10)    Mar. 
Some  Features  of  Modern  European  Gas  Holder  Design.*      (13)    Mar.  1. 
The  East  Jersey  Pipe  Co.'s  Lock-Bar  Pipe  Plant.      (14)   Mar.  3. 
Boiler   Efficiency  Tests.      George  T.   Hanchett.      (27)    Mar.   3. 

Gas    Producers    for   Power.      Julius   Wile.      (From   Paper    read   before   the   Tech- 
nology  Club.)       (20)   Mar.   8. 
Molding  Sands.      H.  E.  Field.      (62)    Mar.  8. 
Manufacture    of    Hydraulic    Cements.      L.     L.     Stone.      (Paper    read    before    the 

Univ.  of  Mich.   Eng.  Soc.)       (19)    Mar.   10. 
Fabrication    des    Briques    Silico-Calcaires    par    les    Procedes    Rohrig    et    Konig.* 

{33)   Jan.  27. 
Verdampfungsversuche     an     einem     Wasserrohrkessel     System     "Gehre."*        (Tr. 

from  the  Russian  by  Richard  Starck.)       (52)   Serial  beginning  Jan. 
Gasofeu   und   Halbgasofen.      W.   Tafel.      (50)    Feb. 
Gusseiserne   Muffenrohrverbindungen.*      Gustav   Simon.      (50)    Feb. 
Die  Dessauer  Vertikalretorte.*      J.  Bueb.      (48)    Feb.  10. 

Neue  Orsat-Apparate  fur  die  Technische  Gasanalyse.*      C.  Hahn.      (48)   Feb.  10. 
Die  Regelung  Mehrstufiger  Dampfturbinen.*      Harry  Jansson.      (48)   Feb.  10. 
Ueber   die    Bildung    von    Hohlraumen    in    Stahlblocken    und    die    Mittel    zu    Ihrer 

Verhinderung.*      J.  Riemer.      (50)   Feb.  15. 
Die   Blechwalzwerks-Anlagen   der   Central   Iron   and   Steel   Company,   Harrisburg, 

Pa.*      Oskar  Simmersbach.      (50)   Feb.  15. 
Ueber   das   Formen   der   Stahlwerkskokillen   und   Deren   Haltbarkeit.     A.   Messer- 

schmitt.      (50)    Serial   beginning  Feb.   15. 
Untersuchungen   Explosibler   Leuchtgas-Luftgemische.*      F.   Hausser.      (48)    Feb. 

17. 
Beitrag    zur    Frag:    Kann    Ueberhitzter    Dampf    Wasser    Enthalten?*      Fritz    L. 

Richter.      (48)    Feb.  24. 

Metallurgical. 

The  Thermal  Trausformations  of  Carbon  Steels.*  John  Oliver  Arnold  and  An- 
drew  McWlUiam.      (71)    Vol.    68. 

Overheated  Steel.*  Arthur  Windsor  Richards  and  John  Edward  Stead.  (71) 
Vol.    68. 

The   U.se  of  Vanadium   in  Metallurgy.      Leon  Guillet.      (71)    Vol.  68. 

Steel    Used    for   Motor   Car    Construction   in   France.*      Lgon   Guillet.      (71)    Vol. 

Segregation  in  Steel  Ingots.*      B.  Talbot.      (71)   Vol.  68. 

The    Reversible    and    Irreversible   Transformations   of    Nickel    Steel.      L.    Dumas. 

(71)    Vol.   68. 
The   Nature  of   Troostite.*      Carl   Benedicks.      (71)    Vol.   68. 
Note   on   the  Occurrence   of  Copper,    Cobalt,   and   Nickel   in  American  Pig   Irons. 

Edward    Demille    Campbell.      (71)    Vol.    68. 
The   Influence  of  Nickel  and  Carbon  on  Iron.      G.   B.  Waterhouse.      (Dissertation 

in    partial    fulfilment   of   requirements  for   degree   of  Ph.D.,    Columbia   Univ.) 

(71)    Vol.   68. 
Coal- Dust    Firing    of    Reverberatory    Matte    Furnaces.*      S.     Severin    Sorensen. 

(16)   Feb.   10. 
The   Talbot   Continuous   Steel    Process   and    Its   Benefits   in   Steel-Making.     G.   A. 

Wilson.      (Paper    read    before    the    West   of    Scotland    Iron    and    Steel    Inst.) 

(22)    Feb.   16  ;    (62)    Mar.   1. 
Brass  Mixtures.      John  F.  Buchanan.      (From  The  Foundry.)       (47)    Feb.  17. 
Ein  Neues  Russisches  Hochofenwerk.*      Ferd.   Heck.      (50)    Feb.  15. 

Military. 

The  Presence  of  Greenish-Coloured  Markings  in  the  Fractured  Surfaces  of 
Test-Pieces.*      H.  G.  Howorth.      (71)  Vol.  68. 

Mining. 

Description  of  the  Sinking  of  Shafts  through   Sand  at  Ardeer,   Ayrshire,    by  the 

Pneumatic    Process,    with    Notes    on    the    Subject    of    Caisson- Ventilation    and 

Sickness.*      Thomas  H.  Mottran.      (59)   Dec. 
Mechanical   Mine  Ventilation  :   A   Comparison   of  Various  Types   of  Fans.      J.   R. 

Robinson.      (Paper  read  before  the  Coal  Min.  Inst,  of  Amer.)       (45)   Feb. 
Underground   Mechanical  Transport  in  the  Witwatersrand.*      (12)    Feb.   2. 
The    Equipment    of    Incline-Shafts.*       F.    N.    Hambly.      (Abstract    of    Paper    in 

Journal  of  the  South  African  Assoc,  of  Engrs.)       (16)   Feb.   10. 
Systematic    Timbering   at    Emley   Moor   Collieries.*      H.    Baddiley.      (Paper    read 

before   the    Inst,    of   Min.    Engrs.)       (16)    Feb.    17. 
Plaster    Mining    and    Preparation    in    the    Vicinity    of    Paris.*      Jacques    Boyer. 

(9)    Mar. 

*  Illustrated. 
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Mining— (Continued) . 

Cage   and   Landing   Chairs.*      R.   D.    O.   Johnson.      (16)    Mar.   3. 

The  Springfield  Coal  Mine  of  the  Peabody   Coal  Co.,  and  the  Method  of  Survey. 

M.   F.   Peltier.      (Abstract  of    Paper   read   before  the   111.    Soc.   of   Engrs.   and 

Surveyors.)       (13)    Mar.    8. 
Hoisting  Methods  at  Butte.*      A.  H.  Wethey.      (16)    Mar.  10. 

Miscellaneous. 

A  Legal   Criticism  of  Government   Specifications.      (14)    Mar.   3. 

Municipal. 

The    Prevention    of    Dust    on    Roads    and    Railway    Tracks    by    Sprinkling    with 

"Westrumite."      (13)    Feb.  22. 
Paving   Brick   Testing  and   Inspection.      Arthur   N.   Talbot.      (Paper   read    before 

the  111.   Clayworkers'  Assoc.)       (60)    Mar. 
The  Relations  between   Municipalities  and   Street  Railways.      (13)    Mar.   8. 
Goudronnages    Executes    en    1903-1904-1905    dans    le    Departement   de    Seine-et- 

Marue.      M.   Guillet.      (43)    4e   Trimestre,   1905. 

Railroad. 

Wear  of  Steel  Rails  on  Bridges.*  Thomas  Andrews,  M.  Inst.  C.  E.  (71)  Vol. 
68. 

The  Illinois  Traction  System.*      (72)    Feb. 

Thornton  Heath  Station;  London,  Brighton  and  South  Coast  Railway.*  (21) 
Feb. 

Pour-Cylinder  Balanced  Compound  Locomotives ;  Paris,  Lyons  and  Mediter- 
ranean  Railways.*      (21)    Feb.;    (39)    Mar. 

French    Compounds    on    the    Great    Western    Railway.*      Charles    Rous-Marten. 

(12)  Feb.   2. 

Heavy   Banking  Locomotive;    Belgian   State   Railways.*      (12)    Feb.   2. 

Four-Cylinder  Compound  Locomotive  for  the  Paris-Orleans  Railway.*  (11) 
Feb.  2. 

Atlantic   Type   Locomotives   in   Germany.*      Chas.   S.   Lake.      (47)    Feb.   3. 

The  Delaware  &  Hudson  Gasoline  Car.*      (40)  Feb.  9;   (25)   Mar.;   (17)  Feb.  10. 

The  Rochester,   Syracuse  &   Eastern  Railway.*      (18)    Feb.   10. 

Powerful  Six-Coupled  Locomotive:  Great  Southern  and  Western  Railway  (Ire- 
land).*     Chas.   S.  Lake.      (47)   Feb.   10. 

The  Self-Propelled  Car  of  the  Delaware  &  Hudson  R.  R.*      (14)   Feb.  10. 

The  Tests  of  Locomotives  at  the  St.  Louis  Exhibition,  1904.      (13)   Feb.  15. 

The  Proposed  Tunnel  Under  the  Detroit  River  for  the  Michigan  Central  R.  R.* 

(13)  Feb.   15. 

Southern  Pacific  Terminal  Depot  at  Alameda  Mole.*      (40)   Feb.  16;   (IS)   Mar.  9. 
The    Detroit    River    Tunnel    of    the    Michigan    Central.*      (40)     Feb.    16;     (18) 

Serial  beginning  Feb.  17:    (15)   Serial  beginning  Feb.  16. 
Warren    &    Jamestown    Single-Phase    Electric    Railway.*      (40)    Feb.    16;     (18) 

Feb.   17;    (17)    Feb.  17;    (15)    Feb.   16. 
The   Leitner- Lucas   System   of   Train    Lighting.*      (11)    Feb.    16. 
Tank  Locomotive  for  the  New   South   Wales  Government  Railways.*      (11)    Feb. 

16. 
Operation  of  Electric  Locomotive  During  a  Snowstorm.*      (15)    Feb.   16. 
The  Detroit  River  Tunnel  of  the  New  York  Central  Lines.*      (14)    Feb.  17. 
Gas   Power   in   the   Operation   of   High    Speed    Interurban   Railways :    Experience 

on   the  Warren  &   Jamestown   Railway   System.*      J.   R.   Bibbins.      (14)    Feb. 

17. 
Heavy    Mixed    Traffic    Locomotives:    New    York    Central    Railroad.*      (47)    Feb. 

17. 
The  Tunnel  under  the  Seine  River.*      L.   Ramakers.      (46)    Feb.  17. 
Comparison    between    Single-Phase    and   Three-Phase    Equipment   for    the    Sarnia 

Tunnel.      C.   L.   DeMuralt.      (17)    Feb.   17. 
Warren  and  Jamestown,  O.,  Railway  Power  Station.*      (27)      Feb.   17. 
Performance    of    Large    Electric    Locomotives    and    a    Large    Steam    Locomotive. 

(  13)    Feb.   22. 
The    Strang  Gasolene-Electric   Rail   Motor  Car.*      (IS)    Feb.   23. 
Railroad    Construction    Classification  :    Construction    Expenses    and    Construction 

Record.      Charles  Hansel,  M.  Am.  Soc.  C.  E.      (40)   Feb.  23. 
Self-Induetion  Effects  in   Steel   Rails.      Ernest  Wilson.      (73)    Feb.  23. 
200-Horse-Power    Compound-Condensing    Engine    for    the    Belgian     State    Rail- 

wavs.*      (11)    Feb.   23. 
New  Locomotives.   London,   Brighton  and  South  Coast  Railway.*      Charles  Rous- 
Marten.      (12)    Feb.   23. 
The  Sernfthal  Railway.*      (12)   Feb.  23. 
Four-Cylinder    Compound    Express    Locomotive,    Pennsylvania    Railroad.*      (47) 

Feb.   24. 
Single-Phase   Alternating-Current   Railway   Work.*      Lionel   Calisch.      (19)    Feb. 

24. 
Recent    Tests    with    a    15,000-Volt,    Single-Phase    Locomotive    in    Switzerland.* 

(17)   Feb.  24. 


•Illustrated. 


CURRENT  ENGINEERING  LITERATURE.  131 

Railroad— (Continued). 

Utilizing  Exhaust  Steam  in  the  Locomotive  Works  of  the  Grand  Trunk  Railway 
at    Montreal,    Can.*      Alex.    E.    Mayer.      (10)    Mar. 

Simple  Consolidation  Locomotive  with  Walschaert  Valve  Gear  ;  Boston  &  Maine 
Railroad.*       (25)    Mar. 

Switching  Locomotive:   Pennsylvania  Railroad.*      (25)    Mar. 

Standard   Pacific   Type   Locomotive:    Harriman   Lines.*       (25)    Mar. 

The  Missouri  Pacific  Shops  at  Sedalia,  Mo.*      (39)   Mar. 

Some  of  the  Essentials  in  Locomotive  Boiler  Design.*  D.  Van  Alstyne.  (Paper 
read   before  the   Northwest  Ry.   Club.)       (39)    Mar. 

Steam    Motor  Coach  :   Great   North   of   Scotland  Railway.*      (39)    Mar. 

Pacific  Type  Engine:  Oregon  Short  Line.*      (39)   Mar. 

The  Steam-Electric  Power  Stations  of  the  New  York  Central  Railroad.*  (64) 
Mar. 

New  Jungfrau  Polyphase  Locomotives  and  Modern  Mountain  Polyphase  Rack 
Railways.*      Frank   C.   Perkins.      (41)    Mar. 

Model  Electrical  Equipment  of  the  L.  &  N.  R.  R.  Company's  South  Louisville 
Shop.*      A.    C.   Wessling.       (41)    Mar. 

Locomotive   Boiler   with   Combustion   Chamber.*      (40)    Mar.    2. 

The  Hayden  Mechanical  Stoker   (for  locomotives).*      (15)    Mar.  2. 

The  Construction  of  the  Rochester.  Syracuse  &  Eastern  Railway.*      (14)    Mar.  3. 

The  Atlantic  Avenue  Terminal  of  the  Long  Island  Railroad.*      (14)    Mar.  3. 

The  New  York  &  Long  Island  Railroad  Tunnel.*      (14)    Mar.   3. 

The  Reconstruction  of  the  Ossining  Tunnel,  New  York  Central  R.  R.*  (14) 
Mar.   3. 

Standardizing  Trucks.      Warren  L.   Boyer.      (17)    Mar.   3. 

A   New  Type   of   Gasoline-Electric   Car.*      (17)    Mar.   3. 

Block  Signalling  on  the  Great   Northern  &  City  Railway.*      (17)    Mar.  3. 

Ivorydale  Shops,  Cincinnati.   Hamilton  &  Dayton  Ry.*      (18)    Mar.  3. 

New  Westinghouse  Brake  Equipment.*      (18)    Serial  beginning  Mar.  3. 

Les  Voitures  a  Six  Roues  et  la  Suspension  Compeusatrice  du  Capitaine  Lindecker. 
M.  Le  Gavrian.      (43)   4e    Trimestre,   1905. 

Rapport  sur  les  Travaux  du  Tunnel  du  Simplon.*  M.  Jacquier.  (43)  4e  Tri- 
mestre,  1905. 

Essais  de  Traction  Electrique  entre  les  Gares  de  la  Motte-les- Bains  et  la  Motte- 
d'Aveillans  sur  une  Longueur  Totale  de  6k,  635  metres.*  P.  Dumas.  (43) 
4e  Trimestre,   1905. 

Le  Chemin  de  Per  du  Vesuve.*      Guy  Mairui.      (36)    Serial  beginning  Sept.  10. 

Cabiue  de  Signaux  de  la  Station  de  Bruxelles-Nord  :  Chemins  de  Per  de  I'Etat 
Beige.*      Leon  Cosyn.      (35)    Peb. 

Traction  Electrique  par  Courant  Alternatif  Monophase  Transforme  sur  la  Loco- 
motive  en   Courant   Continu.      M.   de   Koromzay.      (38)    Peb. 

Le  Materiel  Roulant  des  Chemins  de  Per  a  I'Exposition  Universelle  de  Lidge, 
1905.*      A.  Schubert.      (38)      Feb. 

Effondrement  de  la  Toiture  de  la  Gare  de  Charing-Cross,  a  Londres.*  (33) 
Peb.  3. 

Traction  par  Courant  Alternatif  Simple  a  15  000  Volts  :  Locomotive  Electrique 
des  Ateliers  d'Oerlikon.*     S.  Herzog.      (33)      Feb.  10. 

Les  Chemins  de  Per  en  Chine.*      (33)      Feb.  24. 

Kurvenbewegliche   Lokomotiven.*      Metzeltin.      (48)      Serial   beginning  Feb.  3. 

Vergleich  der  Leistungsfahigkeit  einer  Amerikanischen  mit  einer  Osterreich- 
ischen  Lokomotive.     R.  Sanzin.      (53)      Feb.  16. 

Die  Eisenbahnen  Vorderindiens.*  Dr.  Blum  and  E.  Giese.  (48)  Serial  begin- 
ning  Peb.   17. 

Railroad,  Street. 

The  Austin   Electric  Railway.*      (72)    Peb. 

The   Kingsway    Shallow-Tunnel   Tramway.*       (73)      Serial   beginning   Feb.    2. 

The   "Romapac"    System   of  Tramway  Permanent  Way.*      (11)    Feb.   9. 

Repair  Shop  Practices  of  the  Toronto  Railway.*      (17)      Peb.  10. 

Bonding    and    Other    Track    Improvements    on    the    Calumet    Electric    Railway.* 

(17)      Feb.  10. 
Generating  Station  for  the  Electric  Railways  in  Belfast,  Ireland.*      (27)   Feb.  10. 
The  Remarkable  Tunnel  Crossing  of  the  Seine  by  Line  4,  Metropolitan  Railway 

of  Paris.*      (13)       Peb.  15. 
Rapid  Transit  in  Philadelphia.*      (12)      Feb.  16. 

The  Baker  Street  and  Waterloo  Railway.*      (73)      Serial  beginning  Feb.  16. 
The   Greenwich   Power   House   of   the   L.   C.   C.   Tramways.*      (73)    Serial   begin- 
ning Peb.  23. 
Installation  of  a  Low-Pressure   Steam  Turbine    (for  Scranton   St.  Ry.    System).* 

(64)      Mar. 
Methods    of    Raising    an    Elevated    Railroad    Structure.      W.    F.    Graves.       (14) 

Mar.  3. 
The  Grand  Avenue  Station  of  the  Consolidated  Railway  Company  at  New  Haven, 

Conn.*      (17)      Mar.  3. 
The  New  Car  House  of  the  Montreal  Street  Railway  Company.*      (17)      Mar.  3. 
Les   Moyens   de   Transport   en   Commun   a    Londres,    I'Electrification   de    I'Ancien 

Reseau  Metropolitain.*      A.   Bidault  des  Chaumes.      (33)   Feb.   17. 

•Illustrated. 
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Sanitary. 

Principles  of  Live  Steam  Piping.  Ciiarles  K.  Stearns.  (Extract  from  paper 
read  before  the  Amer.  St.  Ry.  Assoc.)      (70)      Serial  beginning  Feb. 

Some  British  Sewage-Disposal  Apparatus.*      (14)      Feb.   10. 

Heating  and  Ventilating  the  Main  Auditorium  of  the  Broadway  Tabernacle,  New 
York.  C.  Terau.  (Paper  read  before  the  Amer.  Soc.  of  Heat.  &  Vent. 
Engrs.)      (14)      Feb.   10. 

The  Heating  and  Lighting  Plant  at  Bryn  Mawr  College.*  George  C.  G.  Gray. 
(14)      Feb.   17. 

Combined  Septic  Tanks,  Contact  Beds,  Intermittent  Filters  and  Garbage  Crema- 
tory, Marion,  O.*     R.  Winthrop  Pratt.      (13)      Feb.  22. 

The  Construction  of  the  Tunnel  Line  Sewer  at  Syracuse,  N.  Y.*      (14)      Mar.   3. 

Structural. 

Legislation    Concerning    the    Use    of    Cement    in    New    York    City.      R.    P.    Miller. 

(67)      Feb. 
A   Model   Reinforced  Concrete  Theater  for   Studying  Theater  Fires.*      E.   Probst. 

(67)      Feb. 
Concrete-Mixers.*      J.    S.    Owens,   A.    M.    I.    C.    E.      (Paper   read   before   the   Civ. 

and  Mech,   Engineers'  Soc.)       (11)   Feb.  9. 
Concrete  Buildings  in  the  United  States.*      (12)      Serial  beginning  Feb.  9. 
The    Selection    of    Portland    Cement    for    Concrete    Blocks.      Richard    K.    Meade. 

(Paper  read   before  the  Nat.  Assoc,   of  Cement  Users.)       (14)    Feb.   10. 
Notes  on  Reinforced  Concrete  for  Columns.     .James  E.  Howard.      (14)      Feb.   10. 
A  350-Ft.  Brick  Chimney  for  Acid  Chemical  Gases.*     Theodore  Lindeman.      (13) 

Feb.   15. 
General   Features  and  Foundation  Details,   New  Office   Building,   New  York   Cen- 
tral Lines.*      (14)      Feb.   24. 
The  Ideal  Concrete  Block  Made  Practical.*      Louis  H.  Gibson.      (60)      Mar. 
Some   Suggestions  on  the  Testing  and   Use   of  Portland   Cement.      E.    S.   Larned, 

M.  Am.   Soc.   C.  E.      (60)      Mar. 
Corrugated  Concrete  Piles.*      (60)      Mar. 
A    Comparison    of    English    and    American    Methods    of    Building    Construction.* 

(13)    Mar.    1. 
Steel  for  Reinforced  Concrete.     A.  L.  Johnson,  M.  Am.   Soc.  C.   E.      (Paper  read 

before  the  Cement  Users'  Assoc.)       (19)   Mar.  3. 
Building   and   Machinery  Foundations   in   Quicksand.*       (14)      Mar.   3. 
Marble  Cutting  for  the  New  York  Public  Library  Building.*      (14)      Mar.  3. 
A  Large  Concrete  Gas  Holder  Tank.*      (14)      Mar.  3. 
Erection   of   a  Reinforced   Concrete   Factory   for  the    Bush   Terminal   Co.*       (14) 

Mar.   3. 
Extension  of  the  Metropolitan  Life  Insurance  Building.*    (14)      Mar.  3. 
Substructure  for  the  United  States  Express  Company's  Building.*    (14)      Mar.  3. 
The   Reinforced    Concrete    Factory   for  the   American    Oak    Leather    Co.,    Cincin- 
nati.*     Sanford  E.  Thompson,  Assoc.  M.  Am.  Soc.  C.  E.      (14)      Mar.  3. 
Reinforced   Concrete   and   Tile   Construction,    Marlborough  Hotel  Annex,   Atlantic 

City,   N.  J.*      (13)      Mar.  8. 
Constructions  en  Ciment  Arme.      (35)      Feb. 

Zur  Theorie  der  Knickfestigkeit.      K.  Hasse.      (81)   Pt.   5,   1905. 
Beitrag  zur  Bestimmung  des  Gleitwiderstandes  bei  Balken  aus  Eisenbeton.    Prof. 

Ramisch.      (53)      Jan.   26. 
Die  Bruchursachen  der  Betoneisernen  Geraden  Trager.*      (78)      Feb. 
Dimensionirung    von    Plattenbalken    auf    Grundlage    der    Preussischen    Normen. 

Dr.   "Weiske.      (78)      Feb. 
Neuere   Ergebnisse   in   der  Bekampfung  der   im   Hochbaue   Auftretenden   Holzzer- 

storenden   Pilze.      Basilius  Malenkovic.      (53)   Feb.  9. 
Amerikanische     Hochbauten,     Sogenannte     'Wolkenkratzer.*       F.     Bohny.        (48) 

Serial  beginning  Feb.  24. 

Topographical. 

Suggestion  on  Specifications  for  an  Engineer's  Transit  and  Level.*  Leonard 
S.  Smith,  Assoc.  M.  Am.  Soc.  C.  E.  (Paper  read  before  the  111.  Soc.  Engrs.  & 
Surveyors.)       (14)    Feb.   17;    (13)    Mar.   8. 

Water  Supply. 

The  American  System  of  Filtration  at  Mansoursh,  Egypt.*  Edmund  B.  'Wes- 
ton, M.  Am.  Soc.  C.  E.  ;  M.  Inst.  C.  E.      (14)      Feb.  10. 

Reinforced-Concrete  Reservoir  at  Fort  Meade.      (14)      Feb.   10. 

The  'W^ater  Power  Development  of  the  Chicago  Drainage  Canal.*      (14)      Feb.  17. 

The  Belle  Fourche  Irrigation  "Works,  South  Dakota.*  "Walter  W.  Patch,  Assoc. 
M.  Am.  Soc.  C.  E.      (13)      Feb.  22. 

The  Break  of  the  Colorado  River  into  the  Imperial  Valley  and  Salton  Sink.* 
(13)      Feb.  22. 

The  "Water  Filtering  and  Softening  "Works  at  Columbus,  Ohio.*      (14)      Feb.  24. 

Jhelum  River  Hydro-Electric  Power   Installalion   in   British   India.      (60)      Mar. 

The  Hagerstown  Reservoir.*     J.  W.  Ledoux,  M.  Am.  Soc.  C.  E.      (14)      Mar.  3. 

*  Illustrated. 
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Water  Supply— (Continued). 

Pointing  Aslilar  Masonry  on  the  New  Croton  Dam.*      (14)      Mar.  3. 
Construction  of  the   Neals  Shoals  Power  Plant  on  Broad  River,  S.   C*      Francis 

L.  Sellew.      (14)      Mar.  3. 
A   Reinforced   Concrete  Reservoir   at   Bloomington,   111.*      (14)      Mar.   3. 
Power    Development    at    St.    Croix    Palls    for    the    Minneapolis    General    Electric 

Company.*     Adolph  Edsten.      (14)      Mar.  3. 
The    Belle   Fourche   Dam.    Belle    Fourche   Project,    South   Dakota.*      Raymond   P. 

Walter.      (14)      Mar.   ?,. 
Strainers    for    Driven    Wells.*  •   Dabney    H.    Maury,    M.    Am.    Soc.    C.    E.       (13) 

Mar.  8. 
Eaux    de    Versailles :    Installations    Mecaniques   et    Etangs   Artiflciels    Destines    a 

Alimenter  d'Bau   la   Region  de  Versailles.*      L.  A.   Barbet.      (37)      Jan. 
L'Usine    Hydrc-Electrique   d'Entraygues   et   la    Distribution   d'Energie   Electrique 

dans   la  Region   de  Toulon.*      P.   Caufourier.       US)    Feb.   3. 
La    Limitation    Automatique   du    Debit   dans    les    Bornes-Fontaines    et    Robinets.* 

P.  Aristide  Berges.      [i^)      Serial  beginning  Feb.  17. 
Die  Moritz-Sperre.      E.   Grohmann.      (53)      Feb.   2. 
Die     Kleinste     Mogliche     Umlaufzahl     von     Pumpwerken.       C.     Goldstein.        (48) 

Feb.  17. 
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During  the  years  1901,  1902  and  1903,  Westinghouse,  Church, 
Kerr  and  Company  constructed  a  double-track,  high-speed,  electric 
railroad,  on  private  right  of  way,  in  the  heart  of  the  Northern  An- 
thracite coal  field,  with  termini  at  Wilkes-Barre  on  the  south,  and 
Scranton  on  the  north,  a  distance  of  about  20  miles. 

The  entrance  to  Scranton  was  over  the  hill  on  the  southerly  side 
of  the  city,  with  4%  grades,  on  a  temporary  line  built  to  permit  an 
early  opening  of  the  road. 

During  1904  and  1905  a  tunnel  was  constructed  through  this 
hill,  on  a  permanent  line  and  at  moderate  grades.  The  object  of  this 
paper  is  to  describe  the  constrviction  of  this  tunnel,  which  was  ac- 
complished in  record  time,  and  which  contained  some  interesting 
engineering  features. 

The  preliminary  surveys  for  the  tunnel  line  were  made  in  1902, 
and  the  first  location  was  under  Irving  Avenue,  Scranton,  one  block 
nearer  the  center  of  the  city  than  the  existing  line,  the  object  being 

*  That  portion  of  the  paper  describing  the  tunnel  generally  has  been  prepared  by 
Mr.  Francis,  Civil  Engineer  for  Westinghouse,  Church,  Kerr  &  Company,  and  that  por- 
tion describing  the  contractor's  plant  and  operations  has  been  prepared  by  Mr.  Dennis, 
"Vice-President  of  the  Rinehart  &  Dennis  Company,  General  Contractors. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  Is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
finally  closed,  the  papers,  with  discussion  In  full,  will  be  published  in  Transactions. 
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to  take  advantage  of  the  extensive  old  mine  workings,  known  as  the 
Dunmore  No.  3  coal  vein,  cropping  out  just  beyond  the  company's 
power  plant.  It  was  hoped  that  this  might  prove  an  easy,  qviick  and 
inexpensive  means  of  tunneling,  but  surveys'  in  the  mines  demon- 
strated that  the  workings  were  not  favorable  to  the  accomplishment 
of  this  plan.  The  drift  was  above  and  below  the  tunnel  grade  and 
crossed  the  pi'ofile  twice,  introducing  puzzling  questions  of  support. 

It  was  finally  determined  to  locate  a  line  which  would  avoid  these 
old  mine  workings  and  clear  the  limits  of  the  coal  yet  to  be  mined. 
The  new  line  was  located  to  the  south  of  Irving  Avenue,  under 
private  land  contiguous  to  Crown  Avenue. 

The  contract  for  a  single-track  tunnel  was  executed  on  June  1st, 
1904,  with  the  Einehart  and  Dennis  Company,  of  Washington,  D.  C. 
Time  was  the  essence  of  this  contract,  w^hich  provided  for  the  com- 
pletion of  the  work,  to  a  stage  admitting  of  track  laying  throughout, 
in  a  period  of  16  months,  under  a  penalty  and  bonus  clause  pro- 
viding for  the  payment  of  $200  per  day. 

Work  was  commenced  on  July  5th,  1904,  after  a  brief  delay  on 
account  of  right-of-way  matters.  The  first  round  of  holes  for  the 
heading  was  fired  on  August  12th,  1904,  at  the  north  portal,  about 
one  month  being  consumed  in  excavating  the  approach  cut.  The 
excavation  was  completed  and  the  tunnel  ready  for  laying  track  on 
July  18th,  1905,  the  contractors  earning  a  bonus  of  $19  000. 

From  a  knowledge  of  the  geology  in  the  vicinity,  and  a  deter- 
mination of  the  nature  of  the  rock  through  which  the  tunnel  would 
be  driven,  it  was  evident  that  some  portions  would  require  lining; 
but,  at  the  time  the  work  was  let,  it  was  not  known  how  much. 

Tyi3ical  sections  were  prepared  showing  the  method  of  treatment 
of  expected  conditions. 

After  the  work  had  progressed  for  a  period  of  six  months  it  was 
quite  evident  that  nearly  all  the  tunnel  was  in  rock  of  inferior 
quality,  and  would  require  lining  of  some  character  for  nearly 
its  entire  length.  The  rock  had  a  tendency  to  slab  off  or  drop  in 
small  pieces  rather  than  settle  down  on  the  supports  in  large  masses. 

To  effect  a  saving  in  the  initial  cost  of  construction,  it  was  de- 
termined to  introduce  some  form  of  permanent  timber  lining  which 
would  take  the  place  of  the  more  expensive  masonry  section.  In- 
stead of  placing  the  timber  outside  of  a  future  masonry  section,  it 
was  put  in  the  position  of  the  masonry  section,  thus  effecting  a  con- 
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siderable  saving,  both  in  excavation  and  masonry.     At  such  future 
time  as  it  is   desired  to  reline  the  tunnel,  short  stretches   of  the 
timber  may  be  removed  and  replaced  with  timber  or  masonry. 
The  dimensions  of  the  tunnel  are  as  follovps: 

Total  length,  face  to  face  of  portal  masonry.  4  747  ft. 

Total  length  excavated  as  tunnel 4  640  " 

Portal  masonry  extended  at  north  end.  ...  16  " 

*Portal  masonry  extended  at  south  end.  ...  91  " 

Width,  in  clear,  inside '.....  17  " 

Height  above  top  of  rail 20  " 

Depth  below  top  of  rail 2  " 

Arch,   semi-circular,    radius 8.5  " 

Shaft  No.  1,  10  by  20  ft.,  depth 104  " 

I             Shaft  No.  2,  10  by  20  ft.,  depth 180  " 

Surveying. — The  alignment  of  the  Scranton  Tunnel  presented 
seme  of  the  difficulties  usually  attendant  on  work  of  this  character; 
the  principal  ones  were: 

1. — The  center  line  of  the  tunnel  at  the  surface  passed  through 
a  great  many  buildings ; 

2. — There  was  no  higher  ground  in  the  vicinity  on  the  axis  of 
tunnel ; 

3. — The  surface  was  quite  uneven,  and  five  permanent  points 
had  to  be  established  on  the  prime  base  line  on  Crown  Avenue; 

4. — Owing  to  the  configuration  of  the  surface  at  the  portals, 
curves  had  to  be  extended  into  each  end  of  the  tunnel; 

5. — The  shafts  were  located  to  one  side  of  the  center  line  of  the 
tunnel,  and  came  partly  without  and  partly  within  the  tunnel  prism. 

A  prime  base  was  established  along  Crown  Avenue,  45  ft.  from, 
and  parallel  with,  the  projected  tunnel  line.  This  line  was  run 
and  re-run,  reversing  the  transit  telescope,  diiferences  were  elim- 
inated and  adjusted,  and  permanent  points  established.  Then,  as 
a  check  on  the  work,  a  line  was  run  over  the  work  several  times, 
using  no  back-sights. 

After  a  base  line  with  no  apparent  error  had  been  established  in 
Crown  Avenue,  tangents  were  brought  ahead  from  the  existing 
tracks  at  each  end  to  an  intersection  with  this  base  line;  and,  at 

*  Extended  to  carry  the  roadway  over  the  tunnel. 
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-North  Approach,  Scranton  Tunnel     Tunnel  Line  on  Left,  Temporary 
Line  on  Right. 


Fig.  2.— South  Approach,  Scranton  Tunnel. 
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the  north  end,  a  base  80  ft.  long  was  obtained  for  measuring  angles. 
Angles  were  turned  a  sufficient  number  of  times  to  insure  their  cor- 
rect valuation,  and  curves  were  run  in  and  checked  by  direct  meas- 
urements from  tangents  and  by  complete  triangles,  in  which  all  dis- 
tances and  all  angles  were  measured.  These  triangles  were  re- 
measured  and  adjusted  until  no  appreciable  error  remained.  By 
this  method  a  permanent  point  was  established  on  the  center  line  of 
the  curve  at  a  convenient  place  near  each  portal. 

From  the  points  established  along  Crown  Avenue,  other  points 
convenient  to  the  shafts  were  put  in  place,  and  from  these  and  at 
right  angles  thereto,  monuments  were  established  about  51  ft.  away 
to  take  the  line  down  the  shafts.  As  the  center  line  of  the  tunnel 
was  45  ft.  distant,  another  offset  was  necessary  at  the  foot  of  the 
shafts.  It  was  complicated  still  further  at  these  points,  in  the  early 
stages  of  the  work,  by  the  presence  of  pillars  or  shoulders  of  rock  left 
on  either  side  at  the  bottom  of  the  shafts  for  the  protection  of  the 
hoisting  apparatus,  and  two  more  offsets  had  to  be  made  to  get  to 
the  center  line.  After  the  removal  of  this  rock  the  line  was  taken 
directly  from  the  wires  in  the  shafts  by  producing  the  lines  about 
200  ft.  either  way  and  repeating  the  operations  until  there  was  no 
appreciable  error. 

The  method  of  taking  the  line  into  the  shafts,  as  shown  in 
Fig.  1,  was  simple,  but  great  care  was  taken  to  make  the  lines 
accurate.  An  observer  with  a  transit,  with  a  fixed  fore-sight,  was 
always  left  on  the  surface  of  the  ground.  Plumb-bobs,  weighing 
about  30  lb.,  were  suspended  with  copper  wires  from  points  about 
2  ft.  above  the  curb,  or  top,  of  the  lining  of  the  shaft. 

The  wires  were  hung  over  a  notched  bolt,  running  through  a  U- 
shaped  piece  of  iron,  with  a  thumb-screw  and  spring  adjustment. 
The  plumb-bobs  were  steadied  in  casks  of  water  or  oil  at  the  bottom 
of  the  shafts,  and  the  casks  had  covers  so  that  dripping  water  would 
not  disturb  the  surface  of  the  liquid.  Even  with  this  precaution, 
there  was  always  some  tremor  in  the  wires,  owing  to  the  fact  that 
they  were  frequently  struck  by  falling  water. 

The  lines  met  in  the  headings  between  the  south  portal  and  Shaft 
No.  1  with  a  variation  of  0.16  ft. ;  between  Shafts  Nos.  1  and  2 
with  a  variation  of  0.02  ft. ;  and  between  Shaft  No.  2  and  the  north 
portal  with  a  variation  of  0.23  ft.  In  no  case  was  the  center  line, 
as  run  from  the  shafts,  more  than  1|-  in.  from  the  actual  center  line. 
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The  grades  met  between  the  south  portal  and  Shaft  No.  1  with 
a  variation  of  0.02  ft. ;  between  Shafts  Nos.  1  and  2  with  a  variation 
of  0.07  ft.;  and  between  Shaft  No.  2  and  the  north  portal  with  a 
variation  of  0.05  ft. 

Alignment  and  Grade. — At  the  south  end  of  the  tunnel  a  4°  14' 
curve,  with  a  spiral  218.75  ft.  long,  was  run  in  to  connect  the  center 
line  of  the  existing  track  with  the  center  line  of  the  tunnel.  All  the 
spiral  and  270.34  ft.  of  regular  4°  14'  curve  was  inside  the  tunnel 
portal,  or  a  total  of  489.09  ft.  of  curve,  was  run  in  at  this  end. 

At  the  north  end,  owing  to  a  very  narrow  valley,  a  10°  curve, 
with  spirals  400  ft.  long,  at  each  end,  had  to  be  introduced.  One 
spiral,  together  with  186.21  ft.  of  regular  10°  curve,  or  a  total  of 
686.21  ft.  of  curve,  was  inside  the  tunnel  portal. 

At  this  end,  as  at  the  south  portal,  lines  were  given  as  the  work 
progressed,  so  that  the  excavation  for  the  heading  was  taken  out  to 
the  full  tunnel  section. 

The  tunnel,  generally,  has  a  grade  of  1%,  but,  for  a  short  dis- 
tance, at  the  north  end  it  is  0.8  per  cent. 

Excavation. — The  excavation  was  carried  on  at  six  different 
points  of  attack,  two  shafts  being  sunk,  about  1  500  ft.  apart,  from 
which  headings  were  worked  in  both  directions,  as  well  as  at  the 
north  and  south  portals.  Fig.  2  shows  that  56%,  or  more  than  one- 
half,  the  tunnel  excavation  was  removed  through  these  shafts,  the 
work  being  expedited  thereby  fully  a  year  in  time. 

The  method  of  tunneling  was  in  accordance  with  the  usual 
American  practice.  The  top  heading  was  taken  out  to  the  full  size 
of  the  section,  9  by  21  ft.,  and  the  length  carried  on  in  advance  of 
the  bench  varied  from  50  to  800  ft.  The  bench  was  afterward  split 
in  two  lifts. 

The  quantity  of  excavation  per  linear  foot  of  tunnel  was  as 
follows : 

Rock  Masonry         Timber 

Section.       Section.  Section. 

Cu.  Yd.        Cu.  Yd.  Cu.  Yd. 

Headings    4.71  7.04  8.38 

Benches 9.00         11.00         12.00 

Totals 13.71        18.04        20.38 

Falling  beyond  payment  line.  .     1.00  1.13  1.18 
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Disposal  of  Spoil. — The  portal  excavation  at  the  north  end  was 
dumped  along  the  bank  of  Roaring  Brook.  At  the  south  end  the 
greater  portion  was  loaded  on  cars  and  used  as  rip-rap  at  a  point  on 
the  line  of  the  road  nearly  16  miles  away. 

The  excavation  from  Shaft  No.  1  was  dumped  on  low  land  near 
by,  purchased  for  the  purpose;  and  that  from  Shaft  No.  2  wa& 
hauled  by  surface  incline  to  a  dump  about  1  200  ft.  away  and  from 
50  to  60  ft.  higher. 

The  work  was  carried  on  by  night  and  day  in  two  10-hr.  shifts. 

Lining. — A  small  quantity  of  temporary  lining,  outside  of  the 
masonry  section,  was  required  at  each  portal  and  at  Shaft  No.  1,  at 
which  points  there  was  danger  of  immediate  and  frequent  falls  from 
the  roof.  At  other  places  these  falls  were  less  frequent,  but  the 
roof  would  slab  off  to  such  an  extent  as  to  make  it  necessary  to  line, 
either  with  timber  or  masonry,  before  beginning  the  operation  of 
regular  train  service. 

Concrete  masonry  lining  was  adopted  for  those  portions  of  the 
tunnel  near  the  portals  and  near  the  shafts,  where  the  rock  was  of 
the  poorest  quality.  Lining  of  this  kind,  being  the  most  expensive, 
was  restricted  as  much  as  possible,  and  permanent  timber  lining 
substituted. 

The  permanent  timber  lining  is  of  the  usual  pattern  of  voussoir 
ribs,  5  ft,  on  centers,  with  a  4-in.  lagging.  The  yellow  pine  timber 
used  for  this  purpose  should  last  about  12  years  before  requiring 
renewal,  and  at  the  end  of  that  time  it  can  be  renewed  or  replaced 
with  masonry. 

At  three  different  points  in  the  tunnel  there  were  a  few  hundred 
feet  where  the  rock  was  found  sufficiently  good  to  require  no  lining. 
There  has  been  one  fall,  of  moderate  size,  however,  since  the  open- 
ing of  the  tunnel  for  regular  traffic.  These  portions  of  the  roof  are 
being  carefully  watched,  and  if  there  is  much  uncertainty  as  to 
falls  it  will  have  to  be  lined. 

The  following  are  the  lengths  of  the  different  sections : 

Plain  rock  section 1  305  ft. 

Timber-lined  section 2  717    " 

Masonry  section 725    " 

Total 4  747    " 
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The  proportions  of  concrete  mixture  for  the  two  classes  specified 
were  as  follows: 

Class  "A"  concrete,  in  the  arches  of  the  roof  or  in  the  side  walls 
where  the  thickness  does  not  exceed  26  in.,  1  part  cement,  2  parts 
sand  and  4  parts  broken  stone. 

Class  "B"  concrete,  in  the  side  walls  or  tunnel  arches,  where  the 
backing  is  rock  in  place,  1  part  cement,  3  parts  sand  and  5  parts 
broken  stone. 

Table  1  gives  the  cement  tests  made. 


TABLE  1. — Average  Tensile  Strength  of  Briquettes  Tested. 
Lehigh  Portland   Cement. 


Consignment. 

B 
1 

3 
P3 

Fineness. 

1 

be 

g 
a 

1 

Mixture. 

Car  No. 

No.  of 
Barrels. 

100 
mesh. 

200 
mesh. 

Neat,  20^  Water. 

1  Cement, 

3  Sand, 

lOJf  Water. 

1 
day. 

7 
days. 

28 
days. 

7 
days. 

28 
days. 

L.  V.  68119 

150 
150 
150 
150 
150 
150 
150 
150 
150 

6 
18 
30 
30 
30 
30 
30 
30 
30 

303 

■ '267' 
337 
246 
250 
234 
300 
244 

400 

L.  V.  5  379 

L.  V.  71  827 

L.  V.  64  005 

L.  V.  70  298 

L.  V.  64  198 

L.  V.  61  662 

D.  L.  &  W.  33  082 
D.  L.  &  W.  26  854 

89 
87 
90 
90 
90 
90 
90 
90 

72 
69 
75 
73 
73 
72 
72 
70 

N.  G. 
O.K. 
0.  K. 
O.K. 
O.K. 

b!  K. 
O.K. 

293 
211 
269 
168 
271 
264 
301 
383 

709 
687 
739 
765 
724 
687 
742 
849 

857 
795 
800 
84iJ 
851 
796 
854 
937 

■'418' 
487 
393 
337 
330 
434 
373 

Note.— With  the  exception  of  the  first  item,  the  number  of  briquettes  tested  in  each 
instance  was  six,  and  the  figures  given  herein  are  the  averages  of  the  various  tests. 

Shafts. — There  are  two  shafts  (10  by  20  ft.  neat  size),  which  were 
located  at  available  points,  and  divided  the  tunnel  into  three  nearly 
equal  parts.  Shaft  No.  1  has  a  depth  of  104  ft.  and  Shaft  No.  2  a 
depth  of  180  ft. 

These  shafts  were  placed  to  one  side  of  the  center  line  of  the 
tunnel,  the  object  being  to  provide  a  place  where  the  shaft  leads 
and  rigging  would  be  out  of  the  way  and  be  less  likely  to  be  in- 
jured by  blasting,  thus  obviating  the  resultant  delays  in  the  early 
prosecution  of  the  work  at  these  points.  This  location  of  the  shafts 
was  also  a  safeguard  against  possible  accidents  caused  by  dropping 
tools,  etc.,  from  above,  or  spoil  from  the  cars  while  being  hoisted. 
As  a  further  protection  to  this  hoisting  apparatus  against  blasting, 
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two  shoulders  were  left  on  either  side  of  the  shafts,  and  this  rock 
was  not  removed  until  the  tunnel  excavation  had  advanced  to  points 
"vvhere  the  shaft  rigging  was  safe  from  the  effects  of  blasting. 

This  arrangement  of  the  shafts  was  specially  requested  by  the 
contractor,  as  it  would  enable  him  to  lay  the  tracks  in  the  tunnel  in 
such  a  manner  that  the  cars  loaded  with  spoil,  as  they  arrived  at  the 
mouth  of  the  shafts,  could,  if  found  necessary,  be  shifted  into  either 
of  the  cages  and  raised  to  the  surface  without  loss  of  time,  thus 
securing  the  maximum  service  from  this  part  of  the  equipment.  In 
the  actual  prosecution  of  the  work,  however,  this  was  not  found 
necessary. 

Each  shaft  was  divided  into  two  compartments  by  center  cross- 
bracing,  and  these  compartments  formed  the  well  for  the  cage  or 
•elevator,  which  was  8  ft.  7  in.  square.  The  cages  were  built  up  of 
steel  shapes,  strongly  riveted  together,  with  a  top  cover  of  plate  iron, 
the  only  wood  about  them  being  the  floors.  Channel  guides  were 
provided  for  the  entire  height  of  the  cages,  about  9  ft.,  and  these 
.  engaged  5  by  8-in.,  dressed,  hard-pine  leads  firmly  attached  to  the 
sides  of  the  shafts. 

From  each  cage  a  wire  hoisting  cable,  I  in.  in  diameter,  was 
attached  to  the  engine,  both  cables  winding  on  the  same  drum,  the 
load  on  the  engine  being  lightened  to  the  extent  of  the  empty  cage 
descending,  which  acted  as  a  counterweight.  As  a  safety  appliance, 
the  cages  were  directly  cross-connected  with  a  |-in.  cable  operating 
over  separate  sheaves,  which  acted  as  a  direct  counterweight.  The 
hoisting  engines  were  horizontal,  two-cylinder,  single-drum,  steam- 
driven,  and  of  40  h.  p. 

The  head-house,  or  hoisting  frame,  consisted  of  three  framed 
bents,  of  12  by  12-in.  and  12  by  14-in.  hard-pine  timber,  well  tied 
together  at  top  and  bottom.  Between  this  hoisting  frame  and  the 
engine  a  g-uide  with  two  sheaves  was  set  up  to  keep  the  cable  at  the 
proper  angle  to  feed  to  the  drum. 

One  man  was  always  stationed  at  the  top  and  another  at  the 
bottom  of  the  shafts,  and  no  movement  of  the  cages  was  permitted 
until  they  had  interchanged  signals,  and  the  man  at  the  top  of  the 
shaft  had  given  the  signal  to  the  engineer.  No  accident  resulted 
from  the  use  of  the  shafts  and  cages. 

The  two  shafts  have  been  left  for  ventilating  purposes;  the  rock 
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sides,  being  fairly  sound,  will  not  cave  in  to  any  extent,  even  if  the- 
timber  lining,  which  has  been  left  in  place,  decays. 

The  openings  have  been  covered  with  crib  houses,  about  10  ft. 
high,  and  built  of  8  by  8-in.  second-hand  timber,  laid  horizontally, 
and  solidly  drift-bolted.  A  flat  roof-grating,  of  the  same  material,, 
completes  the  structure,  and  provides  a  covering  of  sufficient  strength 
to  prevent  anyone,  especially  children,  from  tearing  off  the  boarding 
and  getting  into  trouble  by  falling  into  the  shaft.  This  method  of 
treatment  was  much  less  expensive  than  building  masonry  structures. 
General  Progress. — The  general  progress  is  shown  by  the  follow- 
ing: 

Contract   signed June  1st,  1904. 

Work  started  at  Shaft  No.  1 July  25th,  1904. 

"  "        "       "         "2 August        2d,  1904. 

"  "         "     South  Portal July  11th,  1904. 

"     North  Portal.... July  13th,  1904. 

First  round  holes  for  heading  fired 

at  north  end August     12th,  1904. 

First  round  holes  for  heading  fired 

at  south  end September  8th,  1904. 

Excavation  entirely  completed.  . .  .July  18th,  1905. 

Meeting     of      headings      between 

South  Portal  and  Shaft  No.  1.  .February  19th,  1905. 
Meeting      of      headings      between 

North  Portal  and  Shaft  No.  2.  .April         19th,  1905. 
Meeting      of      headings      between 

shafts    June  10th,  1905. 

The  progress  is  shown  by  the  profile,  Plate  XVIII. 
Maximum  Progress. — The  maximum  progress  was  as  follows: 

Maximum  rate  per  month  for  all  headings.  .  881.5  ft. 
"  "  "  "  "  "  benches  .  .  745.0  " 
"  "  "  week  "  "  headings..  237.0  " 
"  "  "  "  "  "  benches  .  .  256.0  " 
"  "  "  month  of  any  one  head- 
ing     261.0  " 

Maximum  rate  per  week  of  any  one  bench. .  85.0  " 

"             "       "     month  for  shafts 111.0  " 
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Table  2  shows  the  progress  in  detail. 

Lighting. — The  tunnel  is  lighted  by  electricity,  16-c.  p.  incan- 
descent lamps  being  installed  at  intervals  of  approximately  40  ft. 
throughout.  The  lamps  are  arranged  in  groups,  of  six  110-volt 
lamps  per  group,  all  lamps  of  each  group  being  in  series  between  the 
third  rail  and  the  track  rail,  and  are  located  as  high  as  possible  on 
one  side  of  the  tunnel  walls.  Every  sixth  lamp  is  connected  to  the 
rail  circuit  with  a  No.  4  Brown  and  Sharp  bare  copper  wire,  which 
is  securely  fastened  to  the  nearest  tie  and  to  the  side  wall  of  the 
tunnel  in  such  a  manner  as  to  be  entirely  clear  of  moving  equipment 
and  safe  from  disturbance  by  the  track  men. 

There  is  one  feeder  wire,  of  the  same  polarity  as  the  third  rail, 
running  from  end  to  end  of  the  tunnel,  to  which  each  group  of  lights 
is  tapped  at  every  sixth  lamp.  The  connection  frcm  the  last  lamp 
of  each  group  is  run  directly  to  the  track. 

The  positive  feeder  is  connected  to  the  third  rail  through  a 
single-pole,  500-volt,  25-ampere,  quick-break,  knife-switch,  and  one 
25-ampere,  open  fuse,  mounted  on  a  50-ampere  D.  &  W.  fuse-block, 
all  enclosed  in  a  water-proof,  wooden  box,  at  the  north  portal,  by 
which  control  is  had  of  all  the  lamps  in  the  tunnel  from  a  single 
convenient  point. 

A  500-volt,  3-ampere,  porcelain,  open-fuse  cut-out,  of  D.  &  W. 
make,  is  placed  in  each  tap  between  the  feeder  and  the  first  lamp. 
This  aifords  protection  to  each  individual  circuit,  so  that  an  acci- 
dent, which  would  cause  a  short  circuit  of  any  one  of  the  inde- 
pendent groups,  would  not  throw  the  entire  installation  out  of  com- 
mission. 

The  cost  of  the  installation  was  about  $8  per  light. 

Trad-. — The  double  track,  approaching  the  tunnel  at  either  end, 
is  gauntleted  through  the  tunnel,  and  two  third  rails  are  provided 
for  electric  contact,  thus  making  six  rails  in  a  single-track  tunnel. 

The  track  is  of  90-lb.,  Am.  Soc.  C.  E.  section,  for  the  running 
rail,  laid  with  tie-plates;  and  of  75-lb.,  Am.  Soc.  C.  E.  section  for 
the  third  rail,  on  standard  ties  and  rock  ballast,  1  ft.  deep  under  the 
ties,  all  rails  being  properly  bonded  for  the  return  circuit. 

Signals. — The  Union  Switch  and  Signal  Company's  electric 
train-staff  system  of  block  signaling  is  in  use,  for  the  prevention  of 
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Fig.  1.— Scranton  Tunnel;  Plain  Ruck  Section. 


Fig.  2. — ScRANTON  Tunnel;  Junction  of  Plain  Rock  Section  and  Concrete-Lined 

Section. 
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collisions  on  this  piece  of  single  track,  and  thus  trains  are  passed 
through  with  perfect  safety. 

Costs. — The  following  are  the  contract  prices  for  the  tunnel 
proper : 

Shaft  excavation $7.00  per  cu.  yd. 

Tunnel    excavation 3.35  "        " 

Backfilling   over   timber    and   behind 

masonry 1.50  " 

Overhaul,  100  ft.  in  excess  of  1  000  ft.  0.01  " 

Class  "A"  concrete  in  forms 9.00  " 

Class  "B"  concrete  in  forms 8.60  " 

Third-class  masonry 6.50  " 

Long-leaf  yellow  pine 45.00  "  M.,  B.  M. 

The  average  cost  of  the  tunnel  proper  for  excavation  and  lining, 
including  the  shafts,  was  $90  per  linear  foot. 

Engineers  and  Contractors. — Westinghouse,  Church,  Kerr  and 
Company,  of  New  York,  were  the  engineers  for  the  work,  and  The 
Einehart  and  Dennis  Company,  of  Washington,  D.  C,  were  the  con- 
tractors. 

The  execution  of  the  work  was  under  the  personal  supervision 
of  Mr.  P.  B.  Easterbrooks,  Resident  Engineer  for  Westinghouse, 
Church,  Kerr  and  Company,  and  Mr.  J.  H.  Einehart,  Second  Vice- 
President  and  Secretary  of  The  Einehart  and  Dennis  Company,  to 
v/hom  credit  is  due  for  its  successful  prosecution. 

The  purchase  of  the  right  of  way,  and  the  work  of  track  laying, 
lighting  and  signaling  were  conducted  by  the  operating  department 
of  the  road,  under  the  supervision  of  Mr.  Charles  F.  Conn,  Vice- 
President  and  General  Manager. 

Contractor's  Plant  and  Operations. — Eailroad  delivery  for  coal, 
and  a  convenient  water  supply  dictated  the  location  of  the  air- 
compressor  plant  at  the  south  end,  and  the  compressor  location  fixed 
the  situation  of  the  camp,  boarding  houses  and  office. 

The  company's  plans  required  two  shafts,  and  the  simultaneous 
excavation  both  ways  from  each  shaft,  and  at  the  ends,  thus  making 
six  points  of  simultaneous  attack. 

It  was  calculated  that  from  24  to  28  drills  would  be  necessary, 
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and  the  requisite  air  supply  was  approximated  at,  roughly,  100  ft. 
per  min.  for  each  drill,  at  100  lb.  per  sq.  in.,  and  the  boiler  capacity 
at  20  h.  p.  to  each  drill.  There  was  actually  installed  one  80-h.  p. 
and  three  150-h.  p.  boilers,  all  being  return-tubular  with  brick  arch, 
cast-iron  fronts  and  iron  stacks,  making  a  total  boiler  capacity  of 
530  h.  p. 

The  selection  of  the  compressors  was  governed  by  the  plant  on 
hand,  and  comprised  one  Rand  straight-line,  16  by  24  in.,  of  about 
GOO  ft.  capacity,  two  Rand  straight-line,  20  by  30-in.,  each  of  about 
1  000  ft.  capacity.  At  times  all  these  compressors  were  run  at  about 
20%  more  than  their  normal  speed  of  110  rev.  per  min.,  and, 
roughly,  their  combined  capacity  was  increased  to  3  000  ft.  of  air 
per  minute  when  working  at  their  maximum.  The  three  150-h.  p. 
boilers  provided  an  ample  supply  of  steam,  without  the  assistance 
of  the  80-h.  p.  boiler,  and  the  results  indicate  that  the  preliminary 
allowance  was  high,  and  that  about  15-h.  p.  boiler  capacity  in  this 
instance  was  sufficient  to  compress  100  ft.  of  air  per  minute  to  the 
gauge  pressure  of  100  lb. 

Contributing  to  this  economical  boiler  capacity  was  the  use  of 
anthracite  coal  under  forced  draft  from  a  steam  jet,  making  prac- 
tically perfect  combustion,  and  a  more  than  usually  tight  distribut- 
ing pipe  line. 

Whenever  a  pipe  line  is  to  be  determined,  there  is  always  a 
balance  to  be  drawn  between  small  size,  large  friction,  and  small 
first  cost,  and  the  alternate.  Without  pretending  to  any  accurate 
determination  of  these  featiires,  a  practical  balance  for  this  par- 
ticular work  was  to  run  a  main  6-in.,  sleeve-connected,  wrought- 
iron  pipe  from  the  compressor,  past  the  first  shaft,  and  up  to  the 
second.  This  pipe  was  reduced  to  4  in.  between  the  latter  and  a 
receiver  at  the  north  portal.  A  3-in.  pipe  carried  the  line  to  the 
bottom  of  each  shaft,  and  the  further  extension  toward  the  several 
faces  of  attack  was  by  2-in.  pipes  resting  on  the  bottom.  Tem- 
porary connection  between  the  end  of  each  pipe  and  the  drills  was 
made  by  50  ft.  of  2-in.  rubber  hose,  distributed  to  the  several  drills 
by  1-in.  rubber  hose.  The  main  6-in.  pipe  line  was  laid  uncovered 
in  the  streets,  over  and  parallel  to  the  tunnel,  and  was  laid  during 
hot  weather.  On  account  of  its  position  in  the  street,  the  pipe, 
while  slightly  sinuous   in   detail,   was   very   nearly   straight   in   its 
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Fig.  3.— Scranton  Tunnel;  Masonry-Lined  Section,  Concrete  Throughout. 
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general  direction.  Expansion  bends  in  the 
pipe  were  impracticable  on  account  of  its 
location,  and  as  expansion  joints  are  costly 
and  unreliable,  the  pipe  was  laid  without 
any  appliance  to  take  up  the  change  of 
length  caused  by  variation  in  temperature. 
The  line  thus  laid  gave  no  trouble  in  pass- 
ing through  the  changes  of  temperature 
from  summer  to  winter,  and  from  winter  to 
summer. 

The  general  method  of  tunneling  was  to 
carry  the  bench  and  top  heading  together, 
with  the  heading  from  50  to  75  ft.  ahead. 
A  traveling  framework,  of  half  the  tunnel 
width,  and  with  the  top  at  a  lower  elevation 
than  the  top  of  the  bench,  was  mounted  on 
wheels,  which  ran  on  temporary  rails.  The 
frame  admitted  the  passage  of  two  cars — 
one  to  be  run  up  to  the  bench  at  its  side, 
and  the  other  underneath.  Either  car 
could  be  loaded  by  chutes  from  the  plat- 
form, and,  at  the  same  time,  by  shoveling 
the  bench  excavation.  The  connection  be- 
tween the  traveling  platform  and  the  un- 
excavated  portion  of  the  bench  was  formed 
v?ith  4-in.  lagging  built  into  a  plank  24  in. 
wide,  thus  making  a  wheel-barrow  run-way 
between  the  face  of  the  bench  and  the  mov- 
able platform.  The  heading  spoil  was 
loaded  into  wheel-barrows,  wheeled  over  the 
plank  and  dumped  through  the  chute  on 
the  traveling  frame,  the  whole  operation  be- 
ing performed  without  interfering  with  the 
loading  of  the  bench  spoil. 

When  it  became  necessary  to  blast,  the 
planks  were  simply  loaded  on  the  frame  and 
the  latter  moved  back  on  its  wheels  to  a  safe 
distance. 
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The  foregoing  method  seems  to  be  so  simple  and  effective  as  to 
be  scarcely  worth  description.  Other  ways  of  handling  bench  and 
Leading  material  at  the  same  time  are  advocated;  nevertheless,  the 
method  outlined  seems  to  the  writers  to  be  the  simplest  and  cheapest. 
A  peculiarity  of  the  bench  rock,  in  part  of  this  tunnel,  modified 
considerably,  not  only  the  foregoing  procedure,  but  also  affected  the 
timbering.  That  peculiarity  was  a  consequence  of  the  combined 
hardness  and  tenacity  of  the  bench  material.  To  break  it  out  re- 
quired so  much  explosive  that  the  rock  was  blown  lengthwise  of  the 
tunnel  with  such  force  as  to  wreck  any  permanent  timbering  erected 
within  200  ft.  In  addition,  block-holing  the  spoil  was  always  neces- 
sary after  the  first  blasting.  The  interruption  to  the  work  of  load- 
ing the  heading  spoil,  caused  by  moving  the  traveling  frame  out  of 
danger,  was  so  serious  as  to  render  it  impracticable  to  continue  the 
simultaneous  excavation  of  the  heading  and  bench.  The  heading 
material,  while  requiring  timber  for  permanent  support,  could  be 
left  temporarily  unsupported;  the  support  being  required,  not  to 
hold  up  an  overhead  mass,  but  to  prevent  and  support  exfoliation, 
slabbing  and  weathering  of  the  material.  On  account  of  these 
features,  the  heading  was  worked  for  a  reasonable  distance  ahead, 
and  the  force  then  dropped  back  and  split  the  bench  in  two  lifts. 

The  full  section  of  the  tunnel  was  carried  without  timber  sup- 
port, to  the  extent  of  as  much  as  300  ft.  The  timbering  was  then 
elected  from  the  bottom,  and  its  full  section  was  comijleted  and 
packed  from  the  floor  of  the  tunnel. 

Drilling  and  Shooting. — The  typical  plan  of  drilling  the  heading 
was,  as  shown  in  Fig,  4,  with  the  eighteen  holes  fired  in  the  order 
thereon  indicated.  From  two  to  six  additional  holes  were  often 
found  necessary.  The  longest  holes  were  the  cut  holes  fired  first, 
which  were  from  8  to  9  ft.  long.  The  widening  holes  were  from 
0  to  8  ft.  long.  The  round  was  counted  to  make  an  advance  of  from 
4  to  6  ft. 

With  two  3|-in.  machines,  the  time  required  to  drill  the  holes 
was  generally  7  hr.  The  total  round  drilled  averaged  about  140 
lin.  ft.  The  completion  of  the  loading,  wiring,  firing  by  battery  in 
series,  reconnecting  for  the  successive  blasts,  and  the  delay  neces- 
sary between  them  for  the  explosive  fumes  to  be  blown  out  by  com- 
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pressed  air  allowed  to  escape  for  this  purpose,  consumed  varying 
times,  from  30  min.  to  2  hr.,  or  an  average  of,  say,  50  or  60  min. 

The  delay  from  shooting  was  greatest  in  the  portion  of  the  tun- 
nel excavated  from  the  shafts.  In  this  portion  the  fumes  seemed 
to  hang  and  accumulate,  not  only  on  the  firing  side,  but  also  on  the 
other  side  of  the  shaft,  producing  delays  in  both  places. 

The  explosive  was  40  to  50%  dynamite,  mainly  the  latter,  and 
the  cost  per  cubic  yard,  for  explosives,  caps,  wires,  etc.,  for  all  the 
excavation,  was  equivalent  to  the  cost  of  3i  lb.  of  40%  dynamite. 

Cars  and  Rail. — The  type  and  capacity  of  the  dump  cars  used  in 
tunnel  excavation  is  a  practical  question  of  considerable  importance. 
General  conditions  require  a  3-ft.  gauge.  The  cars  have  to  be 
handled  as  single  units  up  to  the  portals  or  shafts,  and  beyond.  No 
method  seems  to  be  economical,  except  by  hauling  single  cars  by 
mules.  The  car,  therefore,  should  be  nearly  equivalent  to  the  haul- 
ing capacity  of  a  mule,  and  must  be  open  at  the  end  so  that  in  load- 
ing the  least  lift  is  required  to  reach  its  floor — the  dumping  will 
require  change  or  reversal  of  position.  The  car,  therefore,  must  be 
rotary.     A  car  of  the  following  description  answers  well  in  practice : 

A  rigid  frame,  with  four  15-in.  wheels,  S^-in.  tread,  2^-in.  axles; 
inside  bearings,  iron  rotating  spider;  bed  about  5  ft.  6  in.  at  back,. 
5  ft.  8  in.  at  front,  6  ft.  long,  with  18-in.  sides,  all  inside  measure- 
ments. Such  a  car  transports  about  1  cu.  yd.,  solid,  and  weighs, 
empty,  about  2  000  lb.  The  car  is  fitted  with  a  removable  tail  board, 
like  a  cart. 

A  20-lb.  rail,  with  abundant  cross-ties,  can  be  used;  but  a  30-lb. 
rail  is  the  more  economical,  in  the  end.  Rails,  in  order  to  be 
handled  down  the  shaft,  should  be  in  lengths  of  not  more  than  20  ft. 
The  detail  of  moving  ahead,  in  order  to  get  the  car  up  to  the  bench 
face,  is  arranged  by  placing,  inside  of  the  fixed  rail,  loose  rails  laid 
on  their  sides,  with  their  heads  against  the  web  of  the  fixed  rail. 
The  car  wheel  flanges  roll  on  the  web  of  the  loose  rails,  and  the 
latter  are  slipped  ahead  at  intervals  until  the  excavation  permits 
another  length  of  fixed  rail  to  be  laid. 

Timbering. — It  will  be  noticed,  Plate  XX,  that  there  were  plans 
for  two  methods  of  timbering.  One,  the  contract  plan,  was  for 
solid  timbering,  with  provision  for  concrete  arching  against  its  in- 
side perimeter;  the  other  was  for  voussoir  blocks  erected  inside  of 
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Fig.  1.— Scraston  Tunnel;  Permanent  Timber-Lined  Sectkix. 


Fig.  2.— Scranton  Tunnel;  South  Portal. 
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the  masonry  section  and  intended  to  be  removed  at  some  future  time 
and  replaced  by  concrete.  Timber  arching  of  10  or  12-in.  square 
arch  blocks,  with  3  or  4-in.  lagging  spanning  the  space  between  each 
pair  of  rims,  is  the  standard  of  long  experience.  For  economy  and 
«ase  of  erection  and  packing,  and  subsequent  stability  it  cannot  be 
improved. 

The  contract  form  of  timbering,  here  designated  as  "segment 
lagging,"  for  want  of  a  better  name,  in  which  the  lagging  and  arch 
blocks  are,  so  to  speak,  the  same,  is  ideal  in  some  respects.  It  uses 
more  timber  per  foot  of  tunnel,  but  gives  stronger  support  per  foot, 
saves  in  single-track  tunnel,  roughly,  1  cu.  yd.  of  excavation  per 
foot,  and,  where  the  tunnel  is  to  be  lined  with  concrete,  furnishes 
a.  back  form  for  the  concrete,  closely  concentric  to  the  soffit,  thereby 
saving  either  an  excessive  use  of  concrete  to  fill  the  space  between 
the  masonry  arch  and  the  timber,  or  avoiding  the  formation  of  an 
extrados  for  the  concrete  where  the  arch  is  held  to  a  regular  thick- 
ness. It  also  avoids  the  subsequent  expense,  uncertainty  and  delay 
of  packing  about  1  cu.  yd.  per  lin.  ft.  between  the  concrete  and  the 
timber. 

Pre-supposing  a  short  length  of  tunnel  provided  with  this  timber 
in  place,  it  would  seem  to  be  an  easy  matter  to  add  to  it,  with  the 
result  of  fitting  the  successive  segments  to  perfect  line  and  stable 
position.  Trouble  comes  from  the  variation  in  the  thickness  and 
squareness  of  commercial  timber  and  from  the  difficulty  of  getting  a 
true  radial  joint.  The  effect  of  any  inexactness  of  framing  is  to 
<;arry  the  bearing  on  part  of  the  timber  and  leave  other  pieces  loose. 
In  all  timbering  the  integrity  of  its  form  and  stability  in  position 
■when  it  is  packed  depends  upon  the  perfect  wedging  between  the 
voussoir  blocks  and  the  perimeter  of  the  excavation,  assuming  that 
the  wall-plate  is  immovable  in  its  position.  When  the  arch  block 
and  lagged  timber  are  used,  the  blocks  require  to  be  wedged,  or 
propped,  to  the  roof  only  for  every  4  or  5  ft.  of  the  length  of  the 
tunnel,  then  the  lagging  simply  has  to  be  laid  on,  and  the  packing 
space  is  free  to  be  filled  behind  and  around  the  props.  The  opera- 
tions are  few  enough  to  permit  the  propping  to  be  done  thoroughly, 
without  expense  and  delay. 

With  the  "segment  lagging,"  a  very  much  greater  number  of 
pieces  require  to  be  wedged  up.     In  the  case  of  the  8  by  8-in.  seg- 
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ment  lagging  of  the  plan,  as  against  rims  at  5-ft.  centers,  they  are 
seven  and  one-half  times  as  numerous  per  foot  of  tunnel.  This 
wastes  timber  in  props  and  wedging.  The  supports  form  an  almost 
continuous  line,  converting  the  packing  space  into  a  number  of 
separate  pockets,  lengthwise  of  the  tunnel,  in  which  thorough  pack- 
ing is  difficult.  On  the  other  hand,  in  any  form  of  timbering,  the 
packing  will  settle  away  from  the  excavation,  due  to  shrinkage  of 
the  timber,  or  shrinkage  and  readjustment  of  the  packing  material 
from  the  jar  and  concussion  of  blasting,  or  frequently  from  the 
settlement  of  the  wall-plate  itself.  With  the  arch-block  timbering, 
there  being  a  free  space  above  the  timbering,  the  tendency  of  the 
packing  is  to  settle  and  slide  toward  the  haunches  and  open  the  in- 
side joints  of  the  haunch-blocks.  With  the  segmental  lagging,  the 
settlement  is  confined  to  the  separate  longitudinal  spaces  between 
the  lines  of  props,  and  does  not  become  cumulative;  therefore,  there- 
is  less  tendency  toward  deformation. 

The  experience  of  the  writers  has  been  that  the  "segment  lag- 
ging" timbering  costs  very  much  more  per  thousand  than  the  arch- 
block  form.  It  should  also  be  noted  that  the  yard  of  excavation 
saved  is  not  saved  at  the  full  price  for  tunnel  excavation.  All  that 
is  saved  is  the  cost  of  loading  and  disposing  of  the  spoil,  and  of  a 
very  small  portion  of  explosive.  The  cost  of  all  drilling,  power  and 
plant,  and  the  general  expense  and  profit,  would  remain  the  same 
per  foot  of  tunnel. 

If  the  company  had  desired  to  put  in  construction  or  permanent 
timbering,  and  to  leave  sufficient  space  to  put  in,  at  some  future 
time,  a  masonry  lining,  without  removing  the  original  timber;  and 
if  it  had  had  the  option  of  putting  in  either  the  "segment  lagging"^ 
form  or  the  arch-block  form  of  timbering,  and  could  have  paid  the 
same  unit  prices  for  excavation,  timber  and  packing  in  either  case; 
there  would  have  resulted  a  very  material^  saving  in  cost  per  foot  of 
tunnel  by  the  use  of  "segment  lagging,"  and,  in  the  writers'  opinion,, 
a  very  much  stronger  timber  arch  would  have  been  obtained  during 
such  time  as  reliance  was  placed  upon  it.  With  the  Scranton  prices 
and  dimensions,  the  writers  would  estimate  this  saving,  for  equal 
masonry  clearance,  at  about  $2  per  ft.,  if  the  same  unit  prices  held. 
For  the  reasons  before  stated,  the  contractor's  unit  prices,  if  he 
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Fig.  1.— Scranton  Tunnel;  Hoistins  Rig,  Shaft  No.  1. 


Fig.  3.— Scranton  Tunnel;  Shaft-Housing. 
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had  the  chance  to  consider  the  two  forms  in  making  proposals, 
would  have  to  be  higher  for  excavation,  timber  and  packing  in  the 
ease  of  "segment  lagging."  The  experience  of  the  writers  is  that 
these  higher  unit  prices  would  more  than  overcome  the  apparent 
saving.  In  other  words,  if  oilered  the  construction  of  a  single- 
track  tunnel  at  a  given  price  per  linear  foot  of  tunnel,  with  either 
form  of  timbering  at  the  contractor's  option,  the  writers  would  pre- 
fer to  use  the  arch-block  form,  although  it  is  believed  that  the  cost 
of  the  two  forms  would  be  nearly  equal. 

Practical  erection  difficulties  in  "segment  lagging,"  in  its  require- 
ments for  exact  radial  joints  and  in  its  multiplication  of  wedging, 
would  lead  to  preference  for  the  arch-block  form  as  being  more 
rapid  and  safe  with  rougher  workmanship. 

The  foregoing  comparison  applies  only  to  the  method  of  timber- 
ing for  average  shale  or  rock  tunnel,  without  consideration  of  its 
adaptability  to  masonry  lining  to  be  built  afterward. 

If  the  "segment  lagging"  timber  is  to  be  lined  afterward  with  a 
concrete  arch,  the  practical  advantages  of  this  form  of  timbering, 
in  reference  to  future  concrete,  are  very  great.  The  advantages  are 
mainly  in  reference  to  packing  with  solid  concrete  the  whole  space 
between  the  soffit  of  the  concrete  arch  and  the  perimeter 
of  the  timbering  with  the  minimum  quantity  of  material,  and,  at 
the  same  time,  holding  very  closely  to  some  pre-determined  thickness 
of  arch.  If  the  arch-block  timber  be  in  place,  and  the  same  thick- 
ness of  arch  concrete  is  required,  there  is  the  12-in.  space  between 
the  lagging  and  the  extrados  of  the  concrete  to  be  filled  in  addition. 
If  filled  with  concrete,  there  is  required  an  extra  quantity  of  from 
J  to  1  cu.  yd.  per  ft.;  if  with  dry  packing,  the  same  quantity,  and 
with  a  support  built  up  of  concrete,  packing,  timber  and  again 
packing.  By  the  "segment-lagging"  method,  there  is  the  original 
dry  packing  above  the  timber,  and  everything  below  the  timber  is 
solid,  making  a  better  job  with  a  saving  of  the  intermediate  packing. 
Lighting  during  the  Tunnel  Excavation. — The  writers  have  gen- 
erally used  gasoline  (1-gal.  tanks  with  open  burners)  for  lighting 
tunnel  work  on  the  ground.  Its  portability,  the  opportunity  of 
obtaining  illumination  at  the  right  place,  and  its  general  flexi- 
bility overcome  its  high  cost. 
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Gasoline,  of  course,  is  dangerous;  the  renewal  of  the  lamp  is  a 
considerable  expense,  and  occasional  accidents  are  bound  to  occur. 
The  heat,  also,  is  very  objectionable. 

The  accounts  show  that  the  cost  of  lighting,  night  and  day,  in- 
side and  outside  of  the  tunnel,  was  more  than  $6  000,  or,  roughly, 
say,  6  cents  per  cu.  yd.  By  months,  it  represents  $500  per  month 
for  double-shift  work,  or,  in  another  form,  abovit  $1.25  per  ft.  of 
tunnel. 

The  contractors  returned  to  the  use  of  gasoline  after  a  previous 
exi^erience  with  a  tunnel  of  similar  length  but  smaller  section,  driven 
with  the  use  of  the  electric  light.  As  the  tunnels  were  of  greatly 
different  sections,  and  varied  almost  totally  in  material  and  method, 
the  comparison  is  not  at  all  fair,  but  electric  light  on  that  work  cost 
about  11  cents  per  cu.  yd.  With  the  electric  light  there  is  a  per- 
petual nuisance  in  replacing  wires  and  broken  globes,  and  it  is 
troublesome  to  concentrate  the  lighting  where  it  is  needed  most — 
right  up  in  the  heading  at  the  front. 

It  is  believed  that,  on  an  average,  there  will  be  found  no  material 
cost  advantage  in  one  method  over  the  other,  and  the  advisability 
of  the  method  to  be  adopted  will  have  to  be  settled  by  its  facility  in 
use.  The  writers  have  thought,  heretofore,  that  the  verdict  was  in 
favor  of  gasoline,  but  now  believe  that  the  electric  difficulties  can 
be  overcome  in  part,  so  that,  at  least  for  long  tunnels,  it  will  be  the 
better  method. 
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THE  CHANGES  AT  THE  NEW  CROTON  DAM. 
Discussion.* 


By  Messrs.  Alfred  Craven^  George  S,  Eice  and  Charles  S.  Gowen. 


Alfred  Craven,  M.  Am.  Soc.  C.  E.  (by  letter) . — One  should  not  Mr.  Craven, 
be  permitted  to  infer,  by  a  perusal  of  the  Transactions  of  this 
Society,  that  one  of  the  greatest  structures  of  its  kind,  designed  and 
partially  carried  to  completion  by  one  of  its  most  distinguished 
members,  had  been  a  failure  to  such  an  extent  as  to  necessitate  its 
partial  demolition  and  subsequent  reconstruction  on  different  lines, 
without  a  full  discussion  of  all  the  reasons  that  rcEtlly  brought  about 
the  change.  Such  a  conclusion  as  to  failure  would  undoubtedly  be 
arrived  at  by  one  familiar  only  with  Mr.  Gowen's  paper,  "The  Foun- 
dations of  the  New  Croton  Dam,"  presented  on  February  21st,  1900, 
on  learning  subsequently  of  the  radical  changes  which  have  since 
been  made. 

Fortunately,  Mr.  Gowen  has  now  supplemented  his  original 
paper  by  the  discussion  of  the  changes  made,  giving  substantial 
reason  why,  in  his  opinion,  they  were  unnecessary. 

William  R.  Hill,  M.  Am.  Soc.  C.  E.,  who  was  primarily  re- 
sponsible for  the  radical  changes  made,  has  replied  to  Mr.  Gowen's 
later  paper,  giving  reasons  why,  from  his  point  of  view,  the  changes 
were  advisable;  he  has  given  his  views,  as  heretofore  frequently  re- 
peated in  the  technical  journals  as  well  as  in  the  daily  papers,  and 
supports  these  reasons  by  noting  their  endorsement  by  a  Board  of 
Expert  Engineers,  and  others. 

*  Continued  from  February,  1906,  Proceedings.     See  December,  1905,  Proceedings 
for  paper  on  this  subject  by  Charles  S.  Gowea,  M.  Am.  Soc.  C.  E. 
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Mr.  Craven.  It  appears  to  be  only  proper,  therefore,  that  the  views,  as  to  the 
changes  in  construction,  of  the  engineer  who  designed  this  great 
work,  the  late  Alphonse  Fteley,  Past-President,  Am.  Soc.  C.  E.^ 
should  also  have  their  place  in  this  discussion. 

Fortunately,  Mr.  Fteley's  views  are  on  record  elsewhere.  In 
Engineering  News  of  December  12th,  1901,  they  may  be  found  in 
full;  herein  will  be  noted  such  quotations,  only,  as  bear  particularly 


LINES  OF  SATURATION. 
A   20  ^  Theoretical.  Board  of  Elperf s. 
B   35;^  Canuel  Main  Dam. 
C   3J.7  i-  4051  Bog  Brook. 


COMPARATIVE  PROFILES  OF  NEW  CROTON  AND  TITICUS  DAMS 

(These  are  developed  profiles  on  "lines  of  least  resistance  to  passage  of  water." 

Elevations  in  parenthe  e=i  relate  to  the  Titicus  Dam.) 

Fig.  4. 
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NORMAL  CROSS-SECTIONS  OF  ' 
NEW  CROTON  AND  TITICUS  DAMS. 
(In  contrast  with  developed  section,  Fig.4.) 


on  the  main  questions  involved.  The  writer  also  reviewed  the  sub- 
ject at  some  length  in  Engineering  News  of  January  12th,  1902. 

Mr.  Hill,  in  his  argument  on  Mr.  Gowen's  recent  paper,  notes 
that  Mr.  Gowen  has  referred  to  the  above-mentioned  "rejoinders  to 
the  Committee  of  Experts  without  giving  any  information  as  to  the 
contents  of  these  rejoinders." 

To  avoid  long  technical  descriptions  and  repetitions  of  argu- 
ments, and  trusting  somewhat  to  the  reader's  careful  perusal  of  the 
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papers  mentioned,  the  writer  has  reproduced  here,  in  Figs.  4  and  5,  Mr.  Craven, 
his  own  drawings  from  Engineering  News  of  January  12th,  1902. 
Mr.  Fteley,  after  calling  attention  to  the  hardpan  formation  in 
which  the  core-wall  was  to  have  been  built,  says : 

"In  instances  of  this  kind,  when  a  rock  foundation  is  found 
within  accessible  distance  under  the  central  part  of  a  dam,  it  is  very 
usual  to  abandon  the  rock  foundation  and  to  let  the  foot  of  the  core- 
wall  step  up  into  the  earthy  materials  of  the  side  hill." 

He  then  cites  the  embankments  of  Bog  Brook,  Carmel  Main 
Dam,  Titicus  "and  many  others"  (see  Fig.  3,  page  609,  of  December 
Proceedings),  and  states: 

"In  the  present  case,  however,  the  core-wall  was  extended  down 
to  the  underlying  rock  into  which  a  trench  was  excavated  to  receive 
the  foot  of  the  wall ;  this  arrangement  presents  the  additional  advan- 
tage of  establishing  the  high  wall  on  an  unyielding  foundation. 

"At  the  southern  end  of  the  central  body  of  masonry  where  the 
embankment  begins,  the  height  of  the  surface  of  the  side  hill  orig- 
inally stood  at  an  elevation  of  less  than  60  ft.  below  the  higher  water 
mark  of  the  reservoir;  from  that  point  south  this  depth  gradually 
diminishes  down  to  nothing.  A  large  excavation  has  been  made  in 
the  side  hill  to  accommodate  the  earth  slopes  of  the  pits  necessary 
for  the  construction  of  the  masonry  dam  and  of  the  wing-wall ;  these 
pits  are  obviously  to  be  refilled,  and  it  is  through  them  that  the 
large  section,  Fig.  2,*  of  the  report  is  made." 

Mr.  Fteley,  after  taking  exception  to  Fig.  2'^  of  the  Experts* 
report,  which  he  very  properly  says  "will  convey  an  idea  very  dif- 
ferent from  what  the  facts  will  warrant,"  which  indicates  the  refill 
of  this  pit  as  being  a  part  of  the  earth  dam,  and  which  is  further- 
more taken  so  seriously  by  Mr.  Hill,  says : 

"I  may  here  point  to  the  fact  that,  when  building  Titicus  Dam, 
an  extensive  earth  excavation  was  also  made  into  the  side  hill  on  the 
north  side  of  the  masonry  section  in  order  to  establish  its  footing 
and  that  of  the  adjacent  core-wall  on  the  rock  foundation  and,  if  a 
section  of  the  structure  were  made  on  a  similar  'line  of  least  resist- 
ance' it  would  show  the  core-wall  with  earth  embankments  on  each 
side,  on  a  minimum  slope  of  If  to  1  with  a  height  of  100  ft.  A 
profile  made  on  this  'line  of  least  resistance'  at  Titicus  Dam,  in 
juxtaposition  to  profile  No.  2,*  would  show  a  result  in  favor  of  the 
New  Croton  Dam." 

The  writer  will  here  call  attention  to  the  fact  that  the  Titicus 
Dam,  which  will  be  frequently  referred  to,  has  been  taken  generally 
as  a  matter  of  comparison,  as  it  approaches  more  nearly  to  the  New 
Croton  Dam  in  its  general  features  than  any  other  dam  of  com- 
posite type. 

*  Fig.  2  of  the  Experts'  Report  is  referred  to  here. 
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Mr.  Craven.         Mr.  Fteley  then  considers  the  functions  of  an  earth  dam  with 
core-wall,  referring  particularly  to  the  case  in  point: 

"Let  us  consider  the  two  embankments  of  the  dam  separately,  as 
they  are  called  upon  to  act  in  a  very  different  manner. 

"The  up-stream  embankment  will  be  in  the  water,  and  the  (lower 
and  larger  part  of  it  will  repose,  not  against  the  core-wall,  but 
against  the  main  dam)  from  A  to  B  (see  plan  herewith).  When 
fluctuations  occur  in  the  reservoir,  they  will  be  so  slow,  on  account 
of  its  vast  area,  that  it  may  be  said  that  no  water  will  flow  through 
the  bank  with  sufficient  velocity  to  displace  any  particles  of  earth; 
the  only  conditions  left  to  be  fulfilled  are,  consequently,  that  the 
embankment  will  be  sufficiently  water  tight,  and  that  it  will  not 
slough  off  or  be  washed  off  on  the  surface;  the  last  condition  will 
be  met  by  covering  the  slopes  as  shown  in  the  plans  and  specifica- 
tions, with  a  layer  of  broken  stone  with  heavy  paving  upon  it. 

"As  to  the  condition  of  water  tightness,  it  is  sufficiently  met,  in 
my  opinion,  by  the  character  of  the  materials  to  be  used,  which  I 
have  observed  continuously  for  several  years  while  refilling  the 
excavation  for  the  main  dam. 

"The  up-stream  bank  of  Titicus  Dam,  which  is  nearly  100  ft. 
high,  with  a  similar  slope,  was  built  with  materials  finer  than  those 
used  at  Croton  Dam,  and,  barring  a  slow  and  perfectly  regular  ver- 
tical settlement,  which  was  expected,  has  acted  in  a  very  sviccessful 
manner.  For  several  years,  whenever  the  height  of  the  reservoir 
permitted,  exact  measurements  were  taken  and  the  slope  has  never 
•shown  any  mark  of  disturbance." 

He  then  reviews  the  question  of  the  materials  used  in  the  refill 
and  embankment,  as  follows : 

"Before  construction,  both  at  Titicus  and  at  Croton  Dam,  earth 
•excavated  from  the  places  where  it  was  expected  to  take  it  for  re- 
fflling,  was  dumped  in  the  stream,  care  being  taken  to  form  the 
dumps  of  the  finest  materials.  In  no  case  did  those  dumps,  left 
unprotected,  show  a  slope  steeper  than  1^  to  1.  A  bank,  standing  at 
repose  in  water,  cannot  be  compared  to  such  hill  sides  as  the  experts 
have  observed  in  the  valley  where  they  were  acted  upon  by  ground 
water;  if  their  comparison  in  that  respect  were  correct,  no  slope  of 
any  kind  would  be  practicable,  and  not  an  embankment  of  the  dams 
built  in  the  Croton  Valley  and  elsewhere,  under  similar  circum- 
•stances,  would  remain  standing. 

"As  to  the  resistance  of  such  an  embankment  to  the  percolation 
of  water,  it  is  obvious  that  absolute  water  tightness  cannot  be  ex- 
pected; and  the  experiments  made  at  the  Cornell  Hydraulic  Labo- 
ratory only  illustrate  that  point;  at  any  rate,  it  cannot  be  expected 
that  the  results  of  laboratory  tests,  on  very  small  volumes  of  ma- 
terials collected  on  the  ground,  can  throw  any  valuable  light  on  the 
ultimate  behavior  of  an  extensive  bank  through  which  the  water 
would  have  to  percolate  for  a  considerable  distance  before  reaching 
the  masonry  parts  of  the  structure.  Adequate  knowledge  of  the 
materials  used  or  to  be  used,  and  experience,  must  be  depended  upon 
to  pass  judgment  on  those  matters;  moreover,   a  comparison  with 
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the  results  obtained  in  the  case  of  the  dams  built  in  other  parts  of  Mr.  Craven, 
the  valley  show  that  sufficient  water  tightness  can  be  confidently  ex- 
pected from  the  proposed  embankment." 

The  writer  will  remark  here  that  the  Board  of  Experts,  while 
objecting  to  the  quality  of  the  materials  used  in  this  embankment 
and  fill,  remark : 

"All  the  tests  indicated  that  this  material,  which  we  found  to  be 
almost  identical  in  character  with  that  which  has  been  used  in  the 
construction  of  all  the  earthen  dams  in  the  Croton  Valley,  is  per- 
meable to  water  under  any  head  from  3  to  150  ft.,  and  that  when 
exposed  to  the  direct  action  of  water  it  disintegrates  and  assumes  a 
flat  slope,  the  surface  of  which  may  be  said  to  be  slimy." 

This  statement  (a  portion  of  which  is  quoted  by  Mr.  Hill),  while 
evidently  intended  to  be  condemnatory  of  the  material  used,  might 
well  be  considered,  in  view  of  the  fact  that  of  the  ten  earth  em- 
bankments of  the  dams  in  the  Croton  Valley,  all  have  successfully 
stood  the  tests  from  10  to  25  years,  as  fully  proving  its  unquestion- 
able value  in  an  embankment. 

Mr.  Fteley  then  reviews  the  functions  and  conditions  for  the 
down-stream  embankment : 

''The  conditions  under  which  the  down-stream  embankment 
would  have  to  perform  its  functions  would  be  entirely  different. 
Nothing  need  be  said  of  the  water  that  may  enter  the  bank  from 
springs  in  the  side  hill  or  from  the  rain;  the  conditions  in  that  re- 
spect will  be  the  same  as  have  always  existed,  with  the  difference 
that  the  turf  on  the  surface  will  shed  the  greater  part  of  the  rain. 
There  remains  the  water  which  will  find  its  way  through  the 
masonry  or  through  supposed  deep  fissures  in  the  rock  formation. 
As  no  water  is  expected  to  pass  through  the  central  body  of 
masonry,  the  surface  to  be  considered  is  limited  to  that  part  of  the 
core-wall  adjacent  to  the  refilling  of  the  excavations  or  to  the  em- 
bankment. What  amount  of  water  can  find  its  way  through  the  wall 
at  that  point  can  be  appreciated  from  a  comparison  with  the  other 
dams  mentioned  in  the  report  and  from  the  comparative  thickness 
of  the  masonry.  In  the  majority  of  the  cases  referred  to,  the  walls 
are  of  less  thickness,  and  althovigh  the  lower  embankment  will  con- 
tain, as  must  be  expected,  a  certain  amount  of  water,  the  tests  made 
by  the  experts  indicate  that  a  very  small  volume  of  it  will  flow 
through  the  wall.  At  Titicus  Dam,  where  the  wall  has  more  thick-  ^ 
ness,  the  indications  are  that  very  little,  if  any,  water  finds  its  way 
through  it;  in  the  present  case  the  wall,  for  the  greater  part  of  its 
height,  at  the  points  where  the  pressure  is  highest,  is  18  ft.  in  thick- 
ness and  built  of  excellent  masonry.  From  these  considerations  the 
conclusion  is  consistently  reached  that,  in  view  of  the  character  of 
the  up-stream  bank  and  of  the  core-wall,  a  very  small  amount  of 
water  will  reach  the  down-stream  bank  from  those  sources." 

He  then  takes  up  the  question  of  danger  from  saturation  of  the 
down-stream  embankment,  and  questions  the  propriety  of  the  arbi- 
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trary  selection  by  the  experts  of  the  conditions  in  the  outer  bank  of 
the  Middle  Branch  Reservoir  as  a  guide  on  which  to  base  an  arbi- 
trary line  of  saturation — to  govern  in  such  cases,  saying: 

"The  experts  show  a  certain*  'line  of  bank  saturation'  as  that 
likely  to  obtain  in  the  present  case.  They  base  their  statement  on 
the  observations  taken  by  them  at  the  various  dams  built  in  the 
Croton  Valley;  they  find  that  the  maximum  safe  height  of  an  earth 
embankment  with  slopes  of  2  to  1  would  be  'on  the  bases  of  the  loss 
of  head  and  saturation  at  Middle  Branch,  63  ft.;  Bog  Brook,  100.6 
ft. ;  Titicus,  82.3  ft. ;  Amawalk,  72  ft. ;  Cannel  Main  Dam,  102.5  ft.' 
I  fail  to  understand  on  what  basis  they  state  that  from  their  ob- 
servations the  high  embankment  adjacent  to  the  masonry  dam  would 
nearly  approach  the  Middle  Branch  rate;  such  a  conclusion  would 
presuppose  a  complete  knowledge  of  the  comparative  materials  used, 
of  the  quality  of  workmanship,  and  of  the  various  conditions  exist- 
ing during  construction,  which  cannot  now  be  obtained,  as  the 
Middle  Branch  Dam  was  built  more  than  twenty  years  ago. 

"Titicus  Dam,  with  its  high  embankment  and  its  heavy  core- 
wall,  is  the  structure  to  which  can  be  best  compared  the  New  Croton 
Dam  in  several  respects,  and  the  experiments  show  that  very  little 
water,  if  any,  finds  its  way  through  the  core-wall,  the  water  in  the 
outer  embankment  standing  40  ft.  below  the  reservoir  level.  A 
similar  result  is  expected  in  the  present  case,  and  should  a  small 
amount  of  water  find  its  way  through  the  wall,  the  lower  embank- 
ment, which  is  to  be  formed  of  comparatively  porous  materials, 
would  allow  of  sufficient  drainage,  inasmuch  as  (to  quote  from  the 
expert's  report),  'the  slope  of  the  surface  of  the  saturated  earth  in 
the  bank  is  determined  by  the  solidity  of  the  embankment.' 

"The  Auxiliary  Carmel  and  Titicus  Dams  show  very  favorable 
results,  although  the  lower  banks  were  formed  of  fine  materials,  none 
others  being  found  within  reach;  with  comparatively  porous  ma- 
terials they  would  have  shown  steeper  slopes  of  saturation.  I  cannot 
see  the  truth  of  the  statement  that  'the  more  compact  the  material 
of  which  the  bank  is  built,  the  steeper  will  be  the  slope  of  satura- 
tion.' With  compact  material,  the  sectional  area  of  flow  is  larger 
below  a  given  level  than  with  porous  material,  and  as  the  bank  slope 
is  one  determining  factor  of  the  line  of  saturation,  this  line  tends  to 
approach  the  slope  line.  With  porous  material  in  a  down-stream 
bank  the  slope  of  saturation  is  steeper  and  the  area  of  flow  less. 
Unless  the  water  finds  its  outlet  on  the  face  of  the  slope  of  the  em- 
bankment, the  slope  of  saturation  will  also  be  regulated  by  the  fact 
that  it  will  reach  the  ground-water  level  at  a  point  near  the  toe  of 
the  slope. 

"At  the  New  Croton  Dam,  the  down-stream  bank  has  a  2  to  1 
slope  for  a  depth  of  about  60  ft.  below  high-water  mark,  and  the 
tmusual  width  of  the  top  of  the  embankment  is  equivalent  to  a 
flattening  of  the  slope.  Below  this,  the  retaining  slope  along  the 
down-stream  face  of  the  main  dam  (on  the  'line  of  least  resistance') 
has  a  general  inclination  of  nearly  3  to  1. 

"The  experts  suggest  that  the  alleged  lack  of  stability  would  be, 

*  These  lines  of  bank  saturation  are  shown  on  Figs.  4  an^  5. 
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to  a  large  extent,  overcome  by  flattening  the  embankment  or  by  Mr.  Craven, 
facing  the  lower  slope  with  a  revetment  of  heavy  stone  paving; 
these  two  suggested  additions  are,  in  my  opinion,  unnecessary;  if  I 
were  to  suggest  an  improvement  to  the  present  plan,  I  would  recom- 
mend the  drainage  of  the  lower  parts  of  the  embankment;  this  work 
could  be  done  on  an  extensive  scale,  at  a  comparatively  trifling  cost, 
with  excellent  results." 

After  discussing  other  features  of  the  masonry  dam,  Mr.  Fteley 
concludes  as  follows : 

"Economy  of  design,  when  properly  applied,  is  one  of  the  main 
principles  of  engineering;  it  was  undoubtedly  given  due  weight  in 
this  instance,  and  it  should  not  be  departed  from  without  the  clearest 
demonstration  that  the  proposed  change  is  a  necessity.  It  is  not 
thought  that  the  experts'  arguments  would  produce  that  conviction 
on  those  experienced  in  the  construction  and  maintenance  of  earth 
dams,  and  their  determination  of  a  probable  line  of  saturation  does 
not  appear  to  be  logically  deduced  from  their  obsei-\'ations  of  exist- 
ing dams,  or  to  be  based  on  a  sufiicient  study  of  the  mode  of  percola- 
ation  of  water  through  fine  materials." 

Mr.  Hill  remarks : 

"Although  this  paper  is  entitled  'Changes  at  the  New  Croton 
Dam,'  it  treats  of  only  one  of  the  several  changes  that  were  made  in 
the  plan." 

In  reference  to  other  changes,  Mr.  Fteley  remarks : 

"The  experts  object  to  the  original  plan  of  the  dam,  which  they 
call  unjudiciously  designed,  on  the  grounds  that  no  provision  had 
been  made  to  meet  the  contingency  of  a  sudden  and  exceptional 
flow  of  water  due  to  a  cloud-burst  or  to  other  causes.  The  fact  is 
that  the  original  design  was  especially  devised  to  meet  that  con- 
dition. Although  the  surface  of  the  reservoir,  covering  thousands 
of  acres,  is  so  large  that  it  would  have  a  great  equalizing  power,  the 
contingency  of  a  sudden  flood  causing  the  overtopping  of  the 
masonry  dam  was  carefully  considered.  To  that  efl^ect,  the  top  of 
the  embankment  was  kept  much  above  the  crest  of  the  masonry  and 
a  large  amount  of  rock  from  the  excavations  was  ordered  to  be  placed 
on  the  top  of  the  filling,  below  the  dam,  to  prevent  a  harmful  dis- 
turbance of  the  surface.  The  contract  drawings  are  not  at  hand, 
but  it  is  well  understood  that  they  are  of  a  general  character  and 
cannot  be  expected  to  show  all  the  details  of  the  work,  but  the  con- 
nection of  the  top  of  the  embankment  with  the  crest  of  the  dam  is 
shown  on  Sheet  22  of  the  Report  of  the  Aqueduct  Commissioners 
of  Jan.  1,  1897,  and  the  necessary  orders  for  the  performance  of  the 
work  were  given. 

"I  learn  by  the  report  of  the  experts  that  changes  have  recently 
been  made,  one  being  the  raising  of  the  crest  of  the  masonry  dam. 
The  reasons  for  that  change  in  the  plan  are  unknown  to  me.  I  agree 
that  it  is  injudicious,  as  it  destroys  a  feature  which  was  considered 
very  important.  The  calculations  for  the  stability  of  the  dam  were 
made  in  view  of  the  original  elevation  of  the  crest." 
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Mr.  Craven.       The  experts  themselves  say : 

"The  masonry  dam  should  not  in  any  case  be  built  higher  than 
was  originally  designed.  Such  a  change  destroys  the  harmony  and 
efficiency  of  the  design  which,  having  been  scientifically  determined, 
should  be  rigidly  adliered  to." 

Still,  Mr.  Hill  persisted  in  raising  the  masonry  dam  in  spite  of 
this  admonition;  in  other  words,  the  views  of  the  Board  were  to  be 
given  weight  only  in  so  far  as  they  agreed  with  his  own. 

The  writer  will  now  comment  on  the  subject  from  his  own  point 
of  view. 

Unquestionably,  the  vital  point  to  consider,  and  the  one  which 
should  receive  most  serious  thovight,  is  the  integrity  of  the  down- 
stream bank  of  an  earth  dam. 

If  formed  of  too  fine  material,  the  flow  of  water  through  the 
bank,  assuming  that  some  will  pass  the  core-wall,  will  be  retarded, 
and  the  upper  plane  of  saturation  will  take  a  flatter  slope  than 
through  more  porous  material,  giving  a  greater  area  of  saturation, 
and  may  eventually  reach  the  outer  slope  of  the  embankment,  caus- 
ing a  sloughing  off  of  the  material  and  thus  endangering  the  struc- 
ture. If  this  is  guarded  against,  the  bank  is  in  no  danger;  hence, 
while  the  outer  bank  is  secure,  the  dam  is  safe,  even  though  there 
may  be  considerable  settlement. 

The  experts,  discussing  the  question  of  saturation,  to  which  they 
properly  gave  paramount  consideration,  established  an  arbitrary  and 
extreme  line  of  saturation,  Avhich  indicated  that  the  foregoing  con- 
dition of  liability  to  sloughing  of  the  bank  might  result. 

They  conckaded,  however,  that  this  assumed  condition  for  the 
New  Croton  Dam  "might  be  overcome  to  some  extent  by  flattening 
the  slope  of  the  bank  *  *  *  so  as  to  bring  the  probable  slope 
of  saturation  not  less  than  10  ft.  below  the  surface  of  the  bank." 

Mr.  Fteley  suggested,  but  did  not  consider  it  essential,  that  the 
same  results  could  be  attained  by  draining  the  outer  bank.  It  seems 
clear,  therefore,  that  either  of  these  simple  methods  might  have  been 
followed,  thi^s  removing  the  slightest  cause  or  necessity  for  the  great 
expenditvire  of  money  and  time  which  have  resulted  in  the  methods 
followed — the  cost  would  probably  have  been  less  than  $50  000,  as 
against  $1  000  000  actually  expended — and  the  loss  of  time  in  com- 
pletion, amounting  to  two  years  or  more,  would  have  been  obviated. 
Why  was  this  not  done?  The  experts  say  "it  would  add  largely  to 
the  cost  and  would  disfigure  the  appearance  of  the  dam." 

In  discussing  the  question  of  saturation,  Mr.  Fteley  takes  ex- 
ception to  the  views  of  the  experts  wherein  they  contend  that  "the 
more  compact  the  material  of  which  the  bank  is  made,  the  steeper 
will  be  the  slope  of  the  saturation." 

The  saturated  portion  of  the  dam  is  simply  that  portion  below 
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the  inclined  plane  of  the  surface  of  the  water  in  the  bank,  whether  Mr.  Craven, 
the  material  be  ever  so  coarse  or  ever  so  fine;  porosity  is  merely  a 
degree   of   compactness   or   vice   versa,   and   all   bank   material   will 
absorb  water. 

Slope  implies  motion  in  water,  and  there  is  no  absolute  retention 
of  water  in  the  outer  bank  of  a  dam  having  its  base  below  the  plane 
indicated  by  the  loss  of  head  in  passing  through  the  inner  bank  and 
then  through  a  further  obstruction  of  either  masonry  or  puddle.  It 
is  simply  a  partial  retention,  with  motion  through  the  bank,  gov- 
erned entirely  by  the  degree  of  porosity  of  the  material,  and,  unques- 
tionably, the  more  porous  the  material  in  the  bank,  the  steeper  will 
be  the  slope  at  which  water  will  pass  through  it.  Just  the  contrary 
is  claimed  by  the  Board  of  Experts  in  their  report. 

Comparing  the  earth  portion  of  the  New  Croton  Dam  generally 
with  that  of  the  Titicus  Dam,  referring  to  Figs.  4  and  5,  and 
accepting  the  definition  of  the  effective  height  of  a  dam  embankment 
as  "the  difference  between  the  level  of  the  water  at  high-water  mark 
and  the  level  of  the  point  of  intersection  of  the  down-stream  slope 
and  the  plane  of  the  valley  bottom,"  it  is  evident  that  the  New 
Croton  embankment  is  only  about  30  ft.  higher  than  that  of  Titicus 
Dam,  instead  of  twice  as  high.  It  is  true  that  the  New  Croton 
core-wall  has  nearly  twice  the  height  of  that  at  Titicus,  but  in  the 
very  nature  of  this  case,  where  both  walls  are  carried  to  the  under- 
lying rock,  this  difference  in  height  is  more  apparent  than  real; 
more  properly  speaking,  the  difference  is  in  depth  below  the  base 
of  the  dams. 

It  will  be  seen  by  Fig.  4  that  there  is  only  30  ft.  difference  in  the 
embankment  height:  The  New  Croton  has  an  interior  slope  of  2  to 
1,  Titicus  of  If  to  1;  the  New  Croton,  on  its  outer  slope,  has  a 
variable  profile  much  increased  in  value  by  wide  bermes  carrying 
it  far  beyond  the  profile  of  the  Titicus,  which  also  has  a  variable 
profile  abruptly  broken  by  a  wing  wall,  which  was  not  intended  as, 
and  is  not,  a  barrier  to  filtration. 

This  wall  has  only  a  shallow  foundation,  and,  as  will  be  seen  by 
reference  to  Fig.  4,  the  slope  of  saturation  for  the  Titicus  Dam,  as 
established  by  the  experts,  will  pass  under  this  wall  and  out  through 
the  restored  surface  beyond,  which,  in  accordance  with  their  theory, 
renders  the  bank  unsafe. 

The  excess  of  the  New  Croton  profile  over  the  Titicus,  as  may  be 
plainly  seen,  is  due  to  its  greater  width  at  the  water  line;  the  New 
Croton  having  a  width  of  115  ft.,  the  Titicus  of  only  Y2  ft.  These 
measurements  are  on  the  delevoped  "lines  of  least  resistance."  (The 
actual  widths  on  normal  sections  are  110  and  Y4  ft.;  see  Fig.  5.) 

This  excess  in  the  New  Croton  is  divided  between  the  outer  and 
inner  banks,  and  it  shows  largely  in  favor  of  the  New  Croton  Dam, 
as  was  stated  by  Mr.  Fteley. 
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Mr.  Craven.  Fig.  5  shows  comparative  sections  of  the  two  dams  at  right 
angles,  or  normal,  to  the  slopes,  taken,  in  each  case,  near  the  dividing 
lines  between  the  earth  and  masonry  dams.  It  represents  truly  the 
actual  differences  in  sections,  which  differences,  as  in  the  case  of 
the  developed  section,  are  unquestionably  in  favor  of  the  New 
Croton  embankment.  It  shows  a  dam  which,  by  the  definition  of 
effective  height,  is  only  about  40  ft.  high.  This  is  just  south  of  the 
heavy  wing  wall. 

The  developed  profiles  on  "lines  of  least  resistance"'  (Fig.  4) 
have  been  used  in  making  comparisons  only  for  the  reason  that  they 
are  a  creation  of  the  experts,  and  it  is  the  only  method  by  which 
the  New  Croton  embankment  could  be  made  to  appear  higher  than 
any  of  the  dams  now  in  successful  service  in  the  Croton  Valley. 

Assuming,  however,  that  the  outer  refill  is  to  be  treated  as  a 
part  of  the  bank  proper,  then,  on  Fig.  4,  are  produced  the  several 
slope  lines  of  saturation  as  determined  by  the  experts  for  the  other 
dams. 

The  theoretical  20%  line  of  the  experts  would  indicate  a  danger 
point  on  the  developed  profiles,  while  the  lines  of  Bog  Brook  and 
Carmel  Dams  indicate  absolute  safety,  passing  far  below  the  10-ft. 
limit  of  the  slope  of  the  bank,  a  limit  of  safety  fixed  by  the  experts^ 
which  in  itself  is  rather  an  excessive  requirement. 

On  the  other  hand,  all  the  lines  indicate  unsafety  in  the  Titicu& 
profile.  These  lines  are  plotted  with  the  experts'  assumption  of  a 
loss  of  head  of  17%  of  the  depth  of  water  in  the  reservoirs. 

The  writer  agrees  fully  with  Mr.  Fteley  that  there  is  nothing 
whatever  to  justify  the  adoption,  by  the  experts  for  New  Croton 
Dam,  of  the  Middle  Branch  line  of  saturation  as  against  the  lines 
of  Bog  Brook  and  Carmel. 

The  experts  admit  that  the  core-walls  and  embankments  of 
Amawalk  and  Middle  Branch  were  not  as  carefully  constructed  as 
those  of  the  other  dams,  yet  they  arbitrarily  select  the  Middle  Branch 
line  of  saturation  to  apply  to  the  New  Croton  Dam. 

For  the  purpose  of  showing  his  alleged  "inadequacy  of  embank- 
ment" of  the  New  Croton  Dam,  Mr.  Hill  compares  the  width  of 
base  and  slopes  with  the  broad  base  and  flat  slopes  of  the  Amawalk 
Dam.  It  must  be  borne  in  mind  that  the  Amawalk  Dam  embank- 
ment was  made  in  the  form  of  a  great  earth  fill,  no  attempt  being 
made  to  compact  the  material  by  rolling  or  ramming,  but  trusting 
to  the  great  mass  of  material  to  supply  the  equivalent  of  more  care- 
ful methods  of  construction.  During  the  long  period  of  construc- 
tion the  material  was  allowed  to  settle  as  best  it  would ;  therefore, 
it  is  not  to  be  taken  properly  as  a  comparative  construction  with  the 
dams  built  by  the  Aqueduct  Commission  where  every  precaution 
was  taken  that  is  essential  in  the  construction  of  embankments. 
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fully   justifying   the   comparatively    steeper   slopes    and    more   con-  Mr.  Craven, 
tracted  bottom  widths. 

There  is  one  point  in  Mr.  HilFs  argument  to  which  he  apparently 
attaches  great  weight;  it  is  the  alleged  "unstable  foundation  of  the 
embankment." 

In  articles  which  he  has  caused  to  be  published  elsewhere,  he 
dwells  as  follows  on  this  feature  of  the  work : 

"This  embankment  was  hazardous  because  of  the  unstable  nature 
of  its  foundation.  It  was  founded  over  a  great  refilled  pit  (giving 
dimensions  of  pit).  It  would  be  impossible,"  he  says,  "to  refill  this 
pit  as  compactly  as  the  original  ground,  hence  the  safety  of  the 
reservoir  was  dependent,  not  only  on  an  embankment  of  a  prob- 
lematic section,  but  this  problematic  section  rested  upon  an  un- 
stable foundation." 

"The  water  would  be  afforded  freer  access  through  the  refilled 
material  of  the  great  pit  than  it  would  have  in  ordinary  cases  where 
the  wall  below  the  original  surface  of  the  ground  is  in  a  narrow 
trench  and  protected  by  the  original  soil." 

Also,  "a  fourth  objection,  *  *  ""^  the  permeable  and  light 
character  of  the  earth  of  which  the  embankment  was  made,  but  even 
with  the  best  material,  an  embankment  so  constructed  would  be 
insecure." 

In  other  words,  his  contention  is  that  a  made  embankment  cannot 
be  as  solid  as,  and  will  permit  the  passage  of  water  more  readily 
than,  earth  in  a  natural  state. 

In  his  argument  on  Mr.  Gowen's  paper,  he  has  repeated  these 
statements  in  a  somewhat  modified  form. 

The  well-known  facts  are,  unquestionably,  just  the  reverse  of 
the  above.  A  properly  made  artificial  embankment,  either  puddled 
or  rolled  in  layers,  undoubtedly  contains  a  greater  quantity  of 
material  per  unit  of  volume  than  an  equivalent  volume  of  the  same 
earth  in  its  original  position,  and  is  less  pervious  to  water.  This 
rule  frequently  leads  to  the  removal  of  a  considerable  quantity  of 
material,  and  to  a  refill,  often  with  the  same  material,  rather  than 
build  on  the  natural  surface;  and  the  writer,  from  his  knowledge  of 
the  conditions  at  the  New  Croton  Dam,  cannot  conceive  why  there 
should  be  in  that  case  any  exception  to  this  generally  accepted  rule. 

The  fact  must  not  be  lost  sight  of  that  the  material  replaced  be- 
low the  lines  of  the  natural  surface  of  the  ground  is  simply  a  refill 
confined  in  a  great  pit,  and  no  amount  of  reasoning  over  this  con- 
dition can  make  it  an  embankment. 

This  refill  could  be  made,  and  in  fact  much  of  it  had  been  made, 
to  a  height  "of  about  100  ft.  above  the  low  point  of  the  core-wall. 
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Mr.  Craven,  with  such  care  as  to  preclude  the  possibility  of  bringing  any  undue 
stress  on  the  core-wall  that  would  tend  to  its  rupture,  and,  further- 
more, when  it  was  again  finally  removed,  the  wall  was  found  intact. 

It  is  interesting,  therefore,  to  know  (see  both  Figs.  4  and  5), 
that  above  this  line  of  refill,  while  the  dam  is  no  higher  than  that  at 
Titicus,  the  embankment,  as  pointed  out  by  Mr.  Fteley,  is  far  more 
in  excess,  in  its  factor  of  safety,  than  that  of  Titicus ;  and  the  writer 
does  not  believe  any  one  will  question  the  adequacy  of  the  latter. 

Properly  made  embankments  will  not  settle  materially;  in  fact, 
several  cases  of  dams  of  considerable  height  can  be  cited  where 
accurate  levels  have  been  taken  on  the  tops  of  the  dams  when  com- 
pleted, and  again,  long  after  the  reservoirs  had  been  filled  with 
water,  additional  observations  have  shown  absolutely  no  settlement 
of  the  earth  banks.  In  cases,  however,  where  settlement  does  occur, 
if  due  to  the  action  of  water,  it  must  mean  the  displacement  of  so 
much  water  and  a  consequently  greater  compacting  of  the  bank 
material. 

In  regard  to  percolation  and  filtration  through  sands  and  soils, 
it  might  be  well  to  study  the  paper  on  the  Bohio  Dam,  Panama 
Canal,  by  the  late  George  S.  Morison,  Past-President,  Am.  Soc. 
C.  E.,  presented  before  the  Society  on  March  5th,  1902,  and  the  dis- 
cussion thereon  by  Frederic  P.  Stearns,  President,  Am.  Soc.  C.  E., 
on  the  North  Dike  of  the  Wachusett  Reservoir ;  they  are  instructive 
and  also  may  be  considered  as  pertinent  to  the  subject  under  con- 
sideration. 

The  late  E.  Sherman  Gould,  M.  Am.  Soc.  C.  E.,  an  engineer  of 
extended  experience  in  the  construction  of  dams  and  reservoirs,  has 
written : 

"An  earth  embankment  provided  with  a  heavy  masonry  center 
wall  carried  down  to  a  firm  substratum,  or,  failing  in  that  possi- 
bility, to  a  considerable  depth  below  the  surface,  the  depth  being  in 
inverse  ratio  to  the  compactness  of  the  material,  and  well  bonded 
into  the  sides  of  the  valley,  forms  one  of  the  best  and  safest  dams 
which  can  be  built." 

It  has  further  been  remarked  that: 

"Of  the  materials  used  in  the  construction  of  dams,  earth  is 
physically  the  least  destructible  of  any.  The  other  materials  are  all 
subject  to  more  or  less  disintegration  or  changes  in  one  form  or 
another,  and  in  earth  they  reach  their  ultimate  and  most  lasting 
form." 

One  more  reason  has  been  given,  by  Mr.  Hill  and  the  Board  of 
Experts,  why  an  earth  dam  should  not  be  built  more  than  100  ft. 
in  height,  and  that  is  a  lack  of  precedent.  If  engineers  wait  for 
precedent  surely  no  advance  will  be  made  in  any  form  of  construc- 
tion.    There  is  absolutely  no  reason  why  they  should  stop  at  70,  100 
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or  200  ft.  in  height  for  an  earth  dam ;  it  is  merely  a  question  of  M""-  Craven, 
necessity  or  expediency.  The  profession  of  engineering  and  archi- 
tecture would  long  ago  have  been  at  a  standstill  if  "precedent"  had 
been  waited  on.  In  this  case,  however,  there  is  no  lack  of  precedent ; 
Mr.  Gowen  has  cited  several  cases  of  earth  dams,  100  ft.  or  more  in 
height,  which  in  the  opinion  of  the  writer  are,  all  things  considered, 
much  bolder  in  their  conception  than  the  New  Croton  Dam. 

Again,  if  "precedent"  is  to  be  sought  to  solve  the  question,  it 
should  be  used  negatively;  if  dams  of  more  than  100  ft.  in  height 
had  been  properly  built  and  had  failed,  a  precedent  might  then  have 
been  established  as  against  further  efforts. 

Had  the  test  wells  been  made  in  the  Middle  Branch  embankment 
15  years  ago;  had  the  same  results  been  obtained  as  now,  followed 
by  the  same  conclusions ;  had  these  conclusions  been  accepted,  then 
it  is  self-evident  that  the  Carmel,  Bog  Brook  and  Titicus  Dams 
would  never  have  been  built,  at  least  on  their  present  lines;  still 
they  stand  to-day  as  masterful  examples  of  good  construction  and 
contradictions  to  the  theories  and  conclusions  of  the  experts,  and  it 
is  so  with  many  other  earth  dams  with  no  flatter  slopes  than  are 
proposed  for  the  New  Croton  Dam. 

In  conclusion,  the  writer  desires  to  say  that,  in  his  opinion,  there 
was  absolutely  nothing  to  fear  from  the  completion  of  the  New 
Croton  Dam  on  the  lines  as  laid  down  in  the  original  plans,  know- 
ing full  well  the  care  with  which  these  plans  were  developed  and 
were  being  carried  out. 

George  S.  Eice,  M.  Am.  Soc.  C.  E.   (by  letter).— The  writer  is  Mr.  Rice, 
pleased  to  note  Mr.  Gowen's  careful  consideration  of  the  engineer- 
ing  questions   involved   in   the   changes    lately   made    in   the   New 
Croton  Dam. 

The  subject  is  one  in  which  engineers,  especially  those  employed 
by  the  Aqueduct  Commissioners  since  the  original  investigations  of 
the  various  sites,  have  been  very  much  interested.  Knowing  the 
extreme  care  with  which  this  and  other  sites  were  investigated,  and 
having  a  knowledge  of  the  conditions  which  existed  there,  as  well 
as  the  immense  amount  of  work  done  by  Mr.  Fteley  in  connection 
with  the  theory  and  design  of  high  masonry  dams,  it  is  a  source  of 
regret  to  note  the  criticisms  of,  and  the  changes  in,  the  plans  orig- 
inally contemplated  for  this  great  work.  Mr.  Fteley's  experience 
in  this  class  of  work  was  probably  greater  than  that  of  any  engineer 
of  the  present  time,  he  having  been  equipped,  not  only  theoretically, 
but  practically,  with  a  knowledge  of  the  subject. 

The  writer  realizes  that  it  is  perfectly  natural  for  the  engineer, 
in  considering  the  question  of  a  dam  of  this  nature,  to  assume  in- 
stinctively that  a  masonry  dam  from  one  side  of  the  valley  to  the 
other  would  be  an  ideal  solution  of  the  problem ;  but  when  one  is 
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Mr.  Eice.  familiar  with  the  results  of  the  construction  of  dams  in  America, 
more  particularly  in  connection  with  such  large  works  as  the  dams 
for  the  additional  water  supply  of  the  City  of  Boston,  and  also  the 
extensions  in  recent  years  for  the  water  supply  in  the  Croton  Valley, 
the  consummate  skill  with  which  this  work  was  originally  designed 
is  perfectly  apparent.  This  plan  contemplated  a  masonry  dam 
where  the  foundations  were  adapted  for  it,  and  when  peculiar  con- 
ditions were  found  at  the  southerly  end  of  the  Cornell  site  the  sub- 
ject v.'as  treated  purely  with  an  idea  of  meeting  the  conditions  thus 
found. 

In  the  design  of  this  dam,  Mr.  Fteley's  whole  idea  was  to  erect  a 
masonry  structure,  where  it  was  found  better  in  an  engineering  way, 
but  when,  in  his  judgment,  the  conditions  warranted,  he  used  a  core- 
wall  with  an  earth  dam,  and  showed  in  this  the  very  best  en- 
gineering, that  is,  good  construction  and  economy.  His  judgment 
in  this  matter  was  based  upon  the  nature  of  the  material  in  the 
Croton  Valley,  with  which  he  was  fully  acquainted,  as  he  had  de- 
signed and  constructed  several  dams  there.  In  the  writer's  associ- 
ation with  Mr.  Fteley,  it  was  natural  that  he  should  have  talked  with 
him  on  this  subject  at  various  times,  and  consequently  he  was 
familiar  with  the  reasons  and  purposes  of  his  method  in  designing 
the  dam. 

In  the  last  few  years  of  Mr.  Fteley's  life  it  was  a  gratification  to 
him  to  feel  that  the  changes  in  the  dam  reflected  in  no  way  upon  his 
judgment;  he  realized  that  these  changes  were  made  by  those  who 
did  not  have  a  full  knowledge  of  the  subject,  and  under  the  circum- 
stances could  not  have  had  the  experience,  and  that,  therefore,  thr 
criticisms  were  illogical. 

In  the  construction  of  this  work  Mr.  Fteley  had  the  advantage 
of  having  assistants  who  were  experts  in  this  particular  line;  and  if 
Mr,  Hill,  as  Chief  Engineer  of  the  Aqueduct  Commission,  had  con- 
sulted members  of  his  own  staff  and  followed  their  advice,  he  would 
have  had  the  command  of  exceptional  talent  in  this  class  of  work, 
would  have  profited  by  such  experience,  and,  in  order  to  carry  out 
his  plans,  would  not  have  been  obliged  to  go  outside  for  engineering 
advice.  In  reference  to  certain  questions  relating  to  the  aqueduct 
work,  it  has  been  noticeable  that  Mr.  Hill  followed  the  advice  of  his 
consulting  engineers  only  when  it  seemed  to  suit  his  own  ideas, 

Mr.  Hill,  in  his  report  to  the  Aqueduct  Commissioners,  in  speak- 
ing of  the  changes,  said: 

"I  make  this  recommendation  after  carefully  studying  the  situ- 
ation and  plan,  and  I  know  that  I  am  absolutely  right,"  etc.  etc. 

Such  an  assumption,  on  the  part  of  an  engineer  occupying  Mr, 
Hill's  position,  would  seem  to  show  that  he  lacked  a  full  grasp  of 
this  subject. 
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The  writer  agrees  with  Mr.  Gowen  that  the  changes  which  have  Mr.  Rice, 
been  made  in  the  completion  of  the  dam  were  made  at  an  extra  cost 
to  the  city  and  a  delay  which  would  not  have  obtained  if  the  original 
plan  had  been  carried  out,  and,  in  his  opinion,  the  dam  as  recon- 
structed is  no  better  in  carrying  out  its  purpose  than  the  earth 
section  as  planned  in  the  original  design. 

Charles  S.  Gowen,  M.  Am.  Soc.  C.  E.  (by  letter). — In  review-  Mr.  Oowen. 
ing  ]Mr.  Hill's  communication  the  writer  finds  it  necessary  to  call  at- 
tention to  the  fact  that  in  the  paper  under  discussion  it  is  definitely 
stated  that  its  particular  purpose  is  to  refute  the  statement  made 
that  the  foundation  of  the  core-wall  was  unsafe;  accordingly,  the 
special  object  of  the  various  sections  and  views  submitted,  together 
with  most  of  the  text,  is  to  illustrate  this  point.  The  general  ques- 
tion of  the  changes  advocated  by  Mr.  Hill  was  assumed  by  the  writer 
to  have  been  so  thoroughly  discussed  in  the  engineering  press  that 
the  reports  and  articles  published  are  merely  alluded  to  as  justifying 
him  in  his  contention  that  the  changes  were  unnecessary.  The 
above  explanation  seems  to  be  called  for,  as  Mr.  Hill  states  that  the 
writer  makes  two  general  contentions,  the  first  of  which  is  that  the 
former  plan  of  the  dam  (that  of  September  16th,  1896)  was  ade- 
quate, and  he  then  proceeds  to  discuss  and  criticise,  in  this  con- 
nection, the  plans,  sections  and  statements  offered  in  reference  to 
the  second  and  main  contention  as  to  the  adequacy  of  the  core-wall 
foundations. 

Mr.  Hill  states  that  the  only  cross-section  submitted  is  one  of 
the  embankment  and  core-wall  at  a  point  about  170  ft.  from  the  end 
of  the  stone  dam.  Seemingly,  he  does  not  bear  in  mind  that  this 
section  is  to  show  the  conditions  at  the  most  questionable  point  of 
the  dike  of  granular  limestone,  concerning  which  the  criticism  of  the 
safety  of  the  core-wall  foundation  was  made.  He  also  forgets,  ap- 
parently, in  criticising  the  developed  section,  that  this  was  made  to 
illustrate  conditions  with  reference  to  the  same  point  in  the  lime- 
stone dike,  and  that  it  was  made  on  the  lines  of  least  resistance 
(so-called)  to  percolation,  in  exact  accordance  with  the  plan  pursued 
by  the  Board  of  Experts*  in  their  report  on  the  general  question  of 
the  effective  resistance  of  embankments  and  core-walls  to  percola- 
tion, and  the  resulting  condemnation  of  the  core-wall  plan  of  the 
■dam.  He  also  says  that  it  is  a  mistake  to  state  that  the  up-stream 
slope  of  this  embankment  of  the  developed  section  is  about  4  to  1. 
That  there  is  no  mistake  about  this,  is  apparent  when  it  is  noted 
that  in  this  section  the  width  of  the  embankment  at  the  top  is  nearly 
•200  ft.,  most  of  it  lying  on  the  upper  side  of  the  core-wall  line, 
which,  with  the  slope  below,  as  shown,  is  the  equivalent  of  more  than 
the  slope  claimed,  particularly  when  the  material  lying  above  any 
ordinary  slope  line  demanded  at  this  point  is  taken  into  account. 
*  See  Report  of  Board  of  Experts,  Engineering  News,  November  25th,  1901. 
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Mr.  Gowen.  Mr.  HilFs  citation  of  the  Mill  River  Dam  failure,  in  order  to  con- 
trovert the  writer's  statement  regarding  the  causes  of  failure  of 
earthen  dams,  calls  for  comment,  and  in  reply  it  may  be  said  that 
the  report  of  the  Committee  of  the  American  Society  of  Civil  En- 
gineers which  was  appointed  to  investigate  this  matter  (Messrs. 
Francis.  Worthen  and  Ellis)  states,  in  view  of  the  crude  methods 
used  in  the  design  and  execution  of  this  work  "it  is  obvious  that 
this  cannot  be  called  an  engineering  work;"  and  also,  "no  engineer, 
or  person  calling  himself  such,  can  be  held  responsible  for  either  its 
design  or  execution." 

In  defining  his  position  in  the  premises,  regarding  the  general 
question  of  the  changes  made  at  the  New  Croton  Dam,  Mr.  Hill 
states  that  it  is  not  unreasonable  to  expect  that  conflicting  opinions 
will  arise  as  to  the  efficiency  of  a  plan  of  a  reservoir  bank.  Further 
on,  he  states  that  his  recommendation  to  remove  the  core-wall  was- 
based  on  his  opinion  that  the  plan  was  inadequate,  and  he  then,, 
further,  says  in  his  report  to  the  Aqueduct  Commissioners  recom- 
mending these  changes,  "I  know  I  am  absolutely  right."  Continu- 
ing, he  instances  the  unanimoiis  opinion  of  the  Board  of  Experta 
supporting  him,  and  the  further  concurrence  of  engineers  in  the 
employ  of  the  city  who  were  asked  to  give  their  opinions  by  the 
Mayor;  and  he  accordingly  concludes  that,  as  far  as  the  general 
public  is  concerned,  great  weight  has  been  added  to  his  conclusions. 

In  view  of  the  foregoing,  which,  in  the  main,  is  a  contention  of 
absolute  right  by  Mr.  Hill,  as  to  his  position  in  the  important  matter 
of  these  changes,  it  is  certainly  proper  to  call  his  attention  to  the 
fact  that  this  dam  was  originally  designed  after  careful  research 
and  study,  and  its  construction  was  supervised  by  an  eminent  en- 
gineer who  had  a  long  experience  in  the  construction  of  high  dams 
of  various  designs,  and  whose  success  in  results  has  not  been  sur- 
passed. A  comparison  of  Mr.  Fteley's  professional  record,  in  this- 
respect,  with  that  of  any  of  the  engineers  whose  dicta  or  opinions 
have  been  cited  as  bearing  on  these  changes,  would  certainly  warrant 
the  claim  that  there  is  at  least  room  for  argument  in  this  matter.. 
A.  record  of  many  years  of  notably  successful  professional  work 
along  certain  special  lines  cannot  be  ignored,  nor  can  there  be  as- 
sumption of  absolute  right  in  conclusions  without  at  least  prompting 
the  query  as  to  what  qualification  or  authority  there  may  be  to 
warrant  it. 

As  to  Mr.  Hill's  contention  that  the  first  important  change  in 
the  plan  of  the  dam  was  made  in  September,  1896,  before  his  acces- 
sion to  the  position  of  Chief  Engineer,  and  concerning  his  remarks- 
in  relation  thereto,  attention  is  called  to  this  point,  that  this  change 
was  provided  for  in  the  specifications  of  the  contract,  and  that  the 
general  plan  defining  the  length  of  the  main  dam  was  tentative  only. 
This  change  may  be  considered  simply  as  a  determination,  of  the 
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Chief  Engineer  who  originally  designed  the  dam,  of  the  position  of  Mr.  Gowen. 
the  end  of  the  masonry  structure.  This  determination  was  reached 
after  the  information  regarding  the  foundation  material  which  the 
excavation  afforded  had  been  considered,  and  the  principal  motive 
for  making  it  was  the  reduction  in  the  height  of  the  embankment 
above  the  restored  or  refilled  surface.  This  height,  accordingly,  was 
reduced  to  about  50  or  60  ft.  The  question  of  the  depth  of  the  core- 
wall  below  the  refilled  elevation  did  not  enter  into  the  settlement  of 
this  question,  except  as  it  was  incidental  to  the  reduction  of  the 
embankment  height.  It  is  perhaps  well  to  say  that  this  determina- 
tion or  change  involved  no  question  of  taking  down  work  already 
done,  and  consequent  delay,  and  that  all  plans  for  the  progress  of 
the  work  on  the  dam  from  the  beginning  were  made  in  view  of  the 
settlement  of  this  question  at  the  proper  time. 

The  extreme  height  of  the  core-wall  at  the  point  of  junction  with 
the  main  dam  was  183  ft.,  including  the  depth  excavated  in  the  rock 
for  its  foundation,  which  was  perhaps  15  ft.  At  a  point  25  ft.  south 
of  its  junction  with  the  main  dam  the  core-wall  height  was  166  ft. 
This  is  cited  to  illustrate  the  rate  at  which  the  extreme  core-wall 
height  decreased  as  the  foundation  rock  slope  rose  to  the  soiith. 

In  considering  the  general  arguments  advanced  by  Mr.  Hill  in 
support  of  this  change,  it  may  be  said  that  his  description  of  the 
conditions  planned  at  the  junction  of  the  main  dam  and  the  core- 
wall  is  practically  correct.  He  neglects  to  state,  however,  that  the 
embankment  was  to  be  carried  to  Elevation  220,  thus  giving  it  a 
thickness  or  width  of  more  than  100  ft.  at  ordinary  high-water  mark, 
and,  as  above  noted,  his  extreme  height  of  core-wall  is  too  great. 
The  statement  that,  at  the  end  of  the  stone  dam,  its  width  was 
164  ft.,  is  also  excessive,  130  ft.  being  nearer  the  mark. 

In  his  discussion  of  the  embankment,  he  claims  it  to  be  150  ft. 
high.  Granting,  for  the  sake  of  argument,  that  this  refill  shoidd 
all  be  considered  as  embankment,  if  the  Board  of  Experts'  defi- 
nition of  its  effective  height  be  taken  as  being  determined  by  the 
difference  between  high-water  level  on  the  up-stream  side  and  the 
toe  of  the  bank  on  the  down-stream  side,  the  height  of  bank  due  to 
ordinary  high-water  level  would  be  130  ft.,  and  to  extreme  high- 
water  level  it  would  be  136  ft.,  this  being  on  the  line  of  the  developed 
section.  As  to  its  thickness  at  the  base,  conceding,  again,  for  the 
sake  of  arg-ument,  the  refill  to  be  bank,  we  must  also  follow  the 
section  of  least  resistance  to  percolation  shown  by  the  report  of  the 
Board  of  Experts,  and  we  have  for  the  embankment  a  thickness  of 
at  least  800  ft.,  in  place  of  650  ft.,  as  claimed  by  Mr.  Hill.* 

A  height  of  136  ft.  is  not  excessive,  nor  is  800  ft.  an  exceptionally 
narrow  embankment  base,  even  in  comparison  with  existing  struc- 
*  Engineering  News,  December  12th,  1901.    Plan  in  Mr.  Fteley's  report. 
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Mr.  Gowen.  tures.  This  IS  particularly  evident  when  the  comparison  is  noted 
of  existing  conditions  between  this  proposed  plan  and  the  similar 
conditions  at  the  Titiciis  Dam,  shown  in  Mr.  Craven's  article  in 
Engineering  News  of  January  6th,  1902.  Here  it  is  shown  that  the 
effective  height  of  the  Titicus  embankment  is  about  25  ft.  less  than 
that  proposed  for  the  New  Croton  Dam,  and  that  the  increased 
thickness  and  dimensions  of  the  New  Croton  Dam  bank  more  than 
compensate  for  its  excess  in  height.  This,  therefore,  in  the  light  of 
experience,  cannot  be  claimed  to  be  a  problematic  section,  nor  does 
there  seem  to  be  any  proper  question  as  to  the  stability  of  the  fill 
described  by  Mr.  Hill  for  the  pit  beneath  this  bank.  This  pit  is  a 
hole  in  the  ground,  the  walls  of  which  would  surely  retain  the  re- 
filling, which  would  have  been  compacted  by  the  tremendous  weight 
of  the  refill  and  bank  above  Elevation  70,  and  to  a  degree  at  least 
equal  to  its  original  density;  this,  especially  when  it  is  considered 
that  the  compact  hardpan  taken  from  this  part  of  the  excavation 
did  not  extend  to  the  bottom  of  the  pit,  but  was  underlaid  by  a  thick 
bed  of  sand  and  gravel. 

Mr.  Hill  lays  stress  upon  the  experimental  character  of  the  core- 
wall  of  200  ft.  height,  having  "no  lateral  protection  or  support  what- 
soever from  the  original  ground."  It  is  assumed  that  he  refers  to 
such  support  as  would  be  afforded  by  the  sides  of  a  vertical  trench 
sunk  in  the  ground;  but  it  is  diificult  to  see  what  advantages  there 
could  be  in  the  lateral  support  afforded  to  a  wall  in  a  trench  refilled 
to  a  depth  of  3  ft.  or  more  on  either  side  of  the  wall,  compared  with 
that  due  to  a  heavy  refill  or  massive  made  bank  carried  up  at  equal 
heights  on  either  side  and  compacted  at  least  in  its  lower  stretches 
by  the  great  weight  of  the  bank  above.  A  refill,  under  such  con- 
ditions, would  certainly  afford  as  much  lateral  support  to  any  wall, 
however  deep  or  high,  as  could  possibly  be  afforded  by  the  refill 
placed  by  hand  in  a  narrow  space  between  the  face  of  the  wall  and 
the  side  of  the  trench,  however  carefully  it  was  done. 

The  writer,  therefore,  cannot  see  that  the  depth  of  a  core-wall 
below  the  elevation  which  defines  the  lower  limit  of  the  effective 
height  of  an  embankment  has  any  bearing  upon  the  essential  ques- 
tions involved  in  this  case,  if  such  wall  has  a  proper  base. 

As  to  the  actual  height  of  the  embankment  involved  in  this  dis- 
cussion, the  writer  cannot  concede  that  that  portion  of  the  refill 
placed  on  both  sides  of  the  masonry  dam  at  the  south  end  below  the 
original  surface  line  has  to  be  considered.  The  actual  height  of  the 
embankment  to  be  considered,  that  portion  above  the  original  sur- 
face line,  was  not  more  than  60  ft.,  and  the  refill  below,  forming,  ac- 
cording to  the  claims  of  the  Board  of  Experts  and  Mr.  Hill,  the 
lemaining  76  ft.  of  the  bank,  should  be  regarded  simply  as  a  restora- 
tion of  the  general  surface  or  topography.     Experience  with  com- 
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binntion  dams  varying  in  effective  height  from  25  ft.  to  the  height  Mr.  Go  wen. 
of  the  Titicus  Dam,  which  so  closely  approximates  at  this  point  the 
New  Croton  Dam,  justifies  this  conclusicn. 

For  the  same  reason,  viz.,  experience  with  varying  heights  of 
combination  dams,  the  fear  that  flow  may  take  place  along  the  face 
of  a  dam  wall  beneath  the  embankment  is  not  warranted. 

Finally,  Mr.  Hill  refers  to  the  permeable  and  light  character  of 
the  materials  used  for  the  embankment,  as  stated  by  the  Board  of 
Experts,  who  are  quoted  as  stating  that  it  was  permeable  under  any 
head  for  3  to  150  ft.,  etc.  The  writer  feels  free  to  say  that  he  can- 
not understand  the  meaning  of  such  a  statement  which  might  pos- 
sibly be  explained  by  the  unquoted  context.  However,  he  has  this 
to  say  of  the  embankment  material;  that  it  was  composed  of  gravel, 
sand,  sandy  loam  and  clayey  sand,  properly  mixed  and  compacted, 
and  that  it  withstood  such  proper  tests  as  the  Board  of  Experts 
made,  not  excepting  tests  for  permeability  and  slope  action  under 
water. 

As  to  the  assumption  that  Mr,  Hill's  course  in  changing  the  core- 
wall  section  of  the  dam  was  in  keeping  with  the  report  of  the  Board 
of  Engineers  (Messrs,  Shunk,  Davis  and  Croes)  who,  in  1880, 
recommended  an  all-masonry  structure  for  a  dam  at  the  Quaker 
Bridge  site,  it  should  be  said  that  there  is  no  proper  parallelism  to 
be  cited,  as  the  prevailing  conditions  at  the  sites  of  the  two  struc- 
tures in  question  were  different. 

Mr,  Stearns,  in  sustaining  the  writer  in  his  contention  as  to  the 
safety  of  the  core-wall  foundation,  has  referred  to  the  investigations 
of  the  Board  of  Experts  regarding  the  saturation  of  dam  embank- 
ments, and  to  its  conclusions  that,  in  a  majority  of  the  cases  inves- 
tigated, the  indications  were  that  the  core-wall  offered  no  greater 
resistance  to  percolation  than  the  embankment.  If  these  conclu- 
sions are  right,  it  would  seem  to  be  evident  that  the  embankments 
approach  the  core-walls  in  density,  and  that,  furthermore,  there  can 
be  little  or  no  pressure  to  act  at  the  base  of  the  wall  and  thus  aid 
percolation  under  it.  Such  indications  are  certainly  not  prejudicial 
to  the  earthen  dam  as  a  safe  structure, 

Mr,  Craven's  discussion  embodies  the  principal  features  of  his 
own  and  Mr.  Fteley's  papers  concerning  the  changes  in  the  dams, 
which  were  published  in  the  engineering  press  and  referred  to  in 
the  writer's  paper.  The  writer  fully  concurs  with  Mr.  Craven  as  to 
the  desirability,  under  the  circumstances,  of  bringing  these  matters 
into  the  discussion,  so  long  as  the  general  questions  regarding  the 
changes  were  renewed  by  Mr,  Hill. 

The  comments  of  Mr.  Rice,  referring  to  his  professional  associ- 
ation with  Mr.  Fteley  at  the  time  the  studies  for  the  New  Croton 
Dam  \vere  being  made,  and  to  his  knowledge  of  the  conditions  under 
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Mr.  Gowen.  wliich  the  necessary  investigations  were  carried  out,  are  certainly 
of  value,  as  they  give  additional  weight  to  the  general  belief  that 
Mr.  Fteley's  professional  conclusions  were  based  upon  intimate  and 
scientific  knowledge  of  essential  facts  as  well  as  upon  broad  views, 
and  that  they  were  accordingly  reliable  and  abiding. 
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TEST  OF  A  THREE-STAGE,  DIRECT-CONNECTED 
CENTRIFUGAL  PUMPING  UNIT. 

Discussion.* 


By  Messrs.  W.  B.  Gregory,  H.  F.  Dunham  and  Philip  E.  Harroun. 


W.  B.  Gregory,  EsQ.t  (by  letter). — The  writer  has  not  had  any  Mr.  Gregory, 
experience  with  three-stage  pumps,  but,  during  the  summer  of  1905, 
he  tested  a  two-stage,  direct-connected,  centrifugal  pumping  unit. 
This  pump  had  6-in.  suction  and  4-in.  discharge  pipes,  and  was 
driven  by  a  direct-current  motor  on  the  same  bed-plate.  The  dis- 
charge head  was  measured  with  a  pressure  gauge  on  the  discharge 
pipe  near  the  pump.  The  suction  was  measured  with  a  vacuum 
gauge  on  the  suction  pipe  near  the  pump;  both  gauges  being  care- 
fully calibrated. 

The  total  head  was  ascertained  by  reducing  these  observations 
to  feet  of  water,  correcting  for  the  difierence  of  level,  and  adding  to 
the  difference  between  the  velocity  heads  in  the  discharge  and 
suction  pipes.  Thus  the  pump  is  given  credit  for  the  velocity  head 
it  produces,  as  well  as  for  pumping  the  water  against  pressures 
equivalent  to  the  given  heads. 

The  water  discharged  from  the  pump  was  measured  by  an  18-in. 
Cippoletti  weir,  placed  in  a  tank  with  baffle  plates  arranged  so  that 
the  water  flowed  quietly  to  the  weir.  The  depth  of  the  water  over 
the  crest  of  the  weir  was  measured  by  an  accurate  hook-gauge. 

The  electrical  readings  were  obtained  from  carefully  calibrated 
instruments.  The  electrical  losses  were  measured  and  corrections 
made. 

*  Continued  from  February,  1906,  Proceedings.    See  December,  1905,  Proceedings  for 
paper  on  this  subject  by  Philip  E.  Harroun,  M.  Am.  Soc.  C.  E. 
t  Irrigation  Engineer,  Office  of  Experiment  Stations. 
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Mr.  Gregory.  The  friction  in  the  pump  and  motor  was  obtained  when  the  pump 
was  not  primed,  and  in  getting  the  efficiency  of  the  pump  one-half 
was  charged  to  each,  assuming  the  friction  to  be  constant  for  all 
loads. 

TABLE  3.— Two- Stage  Turbine  Pump. 
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10:15... 

956 

133.5 

236 

42.25 

14.95 

69.4 

92.0 

0.446 

1.507 

15.67 

37.1 

42.0 

88.3 

10:18... 

956 

133.5 

242 

43.32 

16.20 

57.8 

82.0 

0.459 

1.571 

14.56 

33.6 

38.1 

88.3 

10:21... 

949 

132.5 

247.5 

43.97 

18.01 

46.3 

72.7 

0.476 

1.657 

13.62 

31.0 

35.1 

88.3 

10:24... 

949 

1.32.5 

254.2 

45.17 

19.37 

34.7 

62.9 

0.48y 

1.727 

12.30 

27.2 

30.8 

88.4 

10:27... 

949 

132.5 

260.5 

46.31 

21.01 

23.1 

53.1 

0.495 

1.759 

10.57 

22.8 

25.8 

88.4 

10:30... 

949 

132.3 

264.0 

46.88 

21.53 

16.2 

46.7 

0.495 

1.759 

9.30 

19.8 

22.4 

88.4 

.  Observations  were  taken,  beginning  with  the  discharge  valve 
closed,  then  opening  it  slightly,  and  again  taking  observations  as 
soon  as  all  the  conditions  were  constant.  This  process  was  con- 
tinued until  the  discharge  valve  was  wide  open. 

Some  trouble  was  experienced  with  the  thrust-bearing  on  account 
of  heating,  but  the  test  was  not  interfered  with  seriously. 

The  discussion  of  the  efficiencies  of  centrifugal  pumps  in  gen- 
eral is  of  great  interest.  The  writer  has  had  considerable  experience 
in  testing  a  great  many  varieties  of  these  pumps  during  the  last 
ten  years.  Before  entering  into  a  discussion  of  results,  it  will  be 
well  to  define  exactly  what  is  meant  by  the  term  efficiency,  which, 
in  general,  is  the  ratio  of  the  output  of  a  pump  to  the  energy  fur- 
nished to  the  shaft.  With  pumps  used  for  elevating  water  it  seems 
tc  be  fair  to  use,  for  the  output  of  the  pump,  the  useful  work,  or  a 
certain  number  of  pounds  of  water  actually  raised  through  a  dis- 
tance, measured  in  feet.  If  the  first  quantity  is  expressed  in  pounds 
per  second,  the  product  of  pounds  by  feet  of  head,  divided  by  550 
will  give  the  horse-power  corresponding  to  the  useful  work  of  the 
pumps.  Usually,  the  water  is  discharged  with  appreciable  velocity, 
and,  if  the  total  output  of  the  pump,  including  the  piping,  is  to  be 
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credited  to  the  pump,  the  head  equivalent  to  the  velocity  of  dis-  Mr.  Gregory, 
charge  must  be  added  to  the  height  through  which  the  water  is 
elevated  to  obtain  the  total  head.  By  either  of  the  foregoing 
methods,  the  loss  at  the  entrance  to  the  suction  pipe,  and  the  friction 
losses  in  the  suction  and  discharge  pipes  are  charged  to  the  pump. 
In  testing  pumps  in  which  the  velocities  are  high,  as  in  the  case 
of  hydraulic  dredges,  and  in  any  case  where  the  pump  is  to  be 
eliminated  from  its  special  arrangement  of  piping,  the  total  energy 
developed  by  the  pump  is  desired,  so  that  comparisons  may  be  made 
of  the  pump  performance  only.  In  such  cases  the  pressures  are 
obtained  near  the  pump  on  the  suction  and  discharge  pipes,  and  the 
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quantity  of  water  discharged  is  measured.  From  these  quantities 
the  velocities  in  the  suction  and  discharge  pipes  become  known,  and 
the  total  output  of  energy  may  be  computed  in  the  manner  de- 
scribed in  the  test  of  the  two-stage  pump,  as  stated  previously. 
When  low  velocities  are  used,  the  difference  between  the  total  energy 
and  the  useful  work  will  often  be  small,  particularly  if  the  suction 
pipe  is  enlarged  where  the  water  enters  it  and  the  discharge  pipe  is 
enlarged  where  the  water  leaves  that  pipe.  With  the  high  velocities 
used  in  dredging,  the  difference  between  the  total  energy  and  the 
useful  work  is  much  greater;  often  the  discharge  level  is  practically 
that  of  the  suction  side,  and  the  useful  work  consists  in  developing 
a  high  velocity  and  consequently  great  kinetic  energy  in  order  that 
material  may  be  carried  along  with  the  water.     It  is  evident,  there- 
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Mr.  Gregory,  fore,  that,  in  the  case  of  dredge  pumps,  the  total-energy  basis  must 
be  used. 

It  is  customary  to  report  tests  of  ordinary  pumping  plants  on  the 
basis  of  useful  work,  and  tests  of  dredge  pumps  on  the  basis  of  the 
total-energy  output.  This  should  be  kept  in  mind  in  comparing 
efficiencies. 

The  writer  has  tested  large  pumps,  used  for  elevating  water, 
which  had  efficiencies  as  high  as  75%  when  based  on  useful  work. 


Fig.  5. 

Such  pumps  are  not  at  all  common;  they  are  the  exception  and  not 
the  rule.  From  60  to  65%  represents  more  nearly  the  average  case, 
and  it  is  not  at  all  difficult  to  find  examples  which  fall  much  below 
these  figures. 

Tests  of  pumps  used  in  hydraulic  dredging  were  made  by  the 
Mississippi  Eiver  Commission  in  1902  and  1903,  The  total  ef- 
ficiencies were  found  to  range  from  about  57  to  68%  in  the  various 
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cases.     These  results  are  very  good,  and  will  compare  with  those  Mr  Gregory, 
obtained  from  many  centrifugal  pumps  using  lower  velocities.     The 
pumps  were  large,  and  the  diameters  of  the  discharge  pipes  varied 
from  32  to  36  in. 

H.  F.  Dunham,  M.  Am.  Soo.  C.  E. — If  the  speaker  is  not  mis-  Mr.  Dunham, 
taken,  the  author  has  failed  to  mention  the  size  of  the  centrifugal 
pump  or  the  diameter  of  the  rotor.  Dimensions  and  capacity  are 
so  closely  related  to  the  percentage  of  efficiency  obtainable  that  it 
would  be  well  to  include  them  when  possible.  The  speaker's  rather 
limited  acquaintance  with  centrifugal  pumps  and  their  manufacture 
does  not  coincide  very  closely  with  the  author's  experience.  The 
manufacturer  usually  knows  pretty  accurately,  from  his  own  shop 
tests  or  published  tests,  the  efficiency  of  the  pumps  that  he  puts 
upon  the  market,  and,  while  now  and  then  an  anxious  salesman  or 
a  man  not  anticipating  any  check  upon  his  statements  may  be  ex- 
travagant to  the  degree  indicated,  yet  the  speaker  believes  that  gen- 
erally, in  the  East,  it  would  be  difficult  to  find  a  manufacturer  who 
claimed  50%  for  a  small  centrifugal  pump.  When  the  capacity  is 
much  increased — perhaps  to  a  No.  7  or  No.  8,  in  which  the  number 
indicates  the  diameter  of  the  discharge,  and  the  working  head  is  not 
very  great — there  might  be  some  assurance  from  reliable  manufac- 
turers of  an  efficiency  approaching  60  per  cent.  It  would  be  of 
interest  to  know  whether  the  maker  of  the  pump  in  question  first  put 
it  out  with  that  guaranty  of  efficiency,  or  whether  the  guaranty  was 
made  by  some  agent  unacquainted  with  facts  usually  known  to  the 
builder,  who  was  thus  drawn  into  the  discussion  and  led  to  "take 
chances"  upon  the  result.  The  speaker  recognizes  a  wide  difference 
between  ordinary  oral  "claims"  for  efficiency  and  the  incorporation 
of  such  "claims"  in  the  terms  of  a  contract. 

Philip  E.  Harroun,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr.  Harroun. 
desires  to  correct  a  misunderstanding  by  Mr.  Richards.  The  test 
of  the  unit  was  in  no  sense  an  effort  to  educate  the  engineering 
students  of  the  University  of  California,  but  was  simply  a  test  of  a 
piece  of  commercial  apparatus  for  the  purposes  indicated  in  the 
paper.  The  result  of  this  test,  together  with  the  results  of  other 
tests  made  by  Professor  Le  Conte,  will  be  published  ultimately  by 
the  United  States  Department  of  Agriculture. 

All  Mr.  Dunham's  inquiries  are  answered  specifically  in  the  text 
of  the  paper,  with  the  exception  of  his  question  relating  to  the  size  of 
the  rotor.  Detailed  prints  showing  the  construction  and  dimensions 
have  not  been  available  at  any  time. 
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A  NEW  GRAVING  DOCK  AT  NAGASAKI,  JAPAN. 

Discussion.* 


By  L.  F.  Belll\(;ei?.  M.  Am.  Soc.  C.  E. 


Mr.  Bellinger.  L.  F.  BELLINGER,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Hollyday 
states  that  practically  no  money  has  been  spent  for  repairs  on  the 
body  of  Dry  Dock  No.  1,  at  the  New  York  Navy  Yard;  but,  as  a 
matter  of  interest,  it  is  well  to  note  the  fact  that  the  entrance  to 
that  dock  was  practically  rebuilt  some  years  ago  by  P.  C.  Asserson, 
Civil  Engineer,  U.  S.  Navy.  On  account  of  quicksand,  the  old  en- 
trance to  the  dock  began  to  bulge  upward.  The  rebuilding  con- 
sisted of  an  inverted  granite  arch.  This  work  was  completed  about 
August  1st,  1888,  the  total  cost  being  about  $86  000. 

The  repairs  mentioned  as  being  novel  by  Mr.  Hollyday  were 
eompleted  under  his  direction,  therefore,  it  would  be  of  considerable 
interest  if  he  would  give  the  Society  a  detailed  account,  especially 
as  they  pertained  to  the  injection  of  cement  into  sand  to  serve  as  a 
cut-off  for  water  percolation,  a  subject  on  which  information  has 
been  requested  in  the  technical  papers  without  eliciting  any  replies. 

*  Continued  from  February,  1906,  Proceedings.     See  October,  1905,  Proceedings  for 
paper  on  this  subject  by  Naoji  Shiraishi,  M.  Am.  Soc.  C.  E. 
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By  Albert  J.  Himes,  M.  Am.  Soc.  C.  E. 


Albert  J,  Himes^  M.  Am.  Soc.  C.  E.  (by  letter). — It  is  a  pleasure  Mr.  Himes. 
for  the  writer  to  express  his  appreciation  of  the  kindly  reception 
which  has  been  accorded  to  a  paper  which,  both  in  subject  and  in 
character,  differs  materially  from  those  generally  presented  to  the 
Society  for  discussion.  He  fully  believes  that  the  subjects  dis- 
cussed are  of  the  most  vital  interest  to  all  constructing  engineers,  and 
can  be  studied  exhaustively  with  much  profit. 

Mr.  Russell's  suggestion  that  "the  broad  question  of  the  proper 
interpretation  of  engineering  specifications  *  *  *  should  be 
brought  up  annually  for  discussion"  is  very  pertinent,  and  is  de- 
serving of  careful  consideration. 

The  industrial  development  of  the  country  has  been  so  rapid  that 
customs  affording  a  sufficient  basis  for  common  law  have  hardly 
had  time  to  mature;  surely  not  time  enough  to  meet  the  old  English 
requirement  that  they  shall  have  existed  from  "a  time  whereof  the 
memory  of  man  runneth  not  to  the  contrary."  It  should  be  the  aim 
of  the  engineer,  and  especially  of  this  Society,  to  work  for  the  estab- 
lishment of  such  customs,  and  thereby  purge  the  profession  of  all 

*  Continued  from  February,  1906,  Proceedings.    See  November,  1905,  Proceedings 
for  paper  on  this  subject  by  Albert  J.  Himes,  M.  Am.  Soc.  C.  E. 
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Mr.  Himes.  loose  practices  and  slovenly  methods  which  may  lower  it  in  public 
esteem  or  hinder  it  from  becoming  a  stronger  force  in  the  social 
order. 

The  establishment  of  a  court  or  "contract  committee,"  as  sug- 
gested by  Mr.  Smith,  to  pass  upon  disputed  questions  would  be  an 
ideal  way  in  which  to  establish  such  customs.  That  is  precisely  the 
way  in  which  the  common  law  was  originally  developed,  and  is  an 
eminently  proper  way  in  which  to  develop  a  common  law  that  may 
be  applicable  to  modern  conditions.  That  such  a  court  would  have 
no  legal  status,  is  not  material,  for  there  is  a  large  class  of  cases  in 
which  the  parties  only  wish  to  be  assured  that  they  are  treated  fairly 
and  according  to  custom.  It  is  the  suspicion  of  unfair  dealing  that 
breeds  the  larger  number  of  disputes,  and  the  decisions  of  such  a 
court  would  be  more  satisfactory  in  their  adjustment  than  the  rul- 
ings of  a  court  at  law. 

Although  the  decisions  of  the  court  would  .have  only  the  force 
conferred  upon  it  by  the  applicants,  in  time  there  would  be  estab- 
lished a  series  of  precedents  which  could  not  be  overthrown  by  the 
law  itself. 

Such  a  procedure  is  not  without  example,  other  than  the  original 
development  of  the  common  law.  The  British  and  North  German 
Lloyds  had  a  similar  origin,  in  the  association  of  vessel  owners  for 
the  protection  of  their  mutual  interests,  and  the  greatness  of  their 
success  exceeds  the  wildest  flight  of  the  imagination. 

An  example  of  the  work  which  such  a  committee  might  hope  to 
accomplish  may  be  found  in  the  engineering  custom  of  paying  only 
for  materials  actually  used  in  the  work.  The  custom  in  vogiie 
among  builders  and  architects  of  measuring  quantities  according  to 
various  arbitrary  rules  is  chaotic  and  illogical,  and  is  distinctly  in- 
ferior to  the  engineering  method. 

Mr.  Aiken  has  mentioned  some  of  the  sophistries  used  by  manu- 
facturers in  excusing  their  products.  Such  methods,  to  one  who 
understands  them,  appear  to  be  silly,  but  they  cause  lots  of  trouble 
among  people  who  are  unfamiliar  with  the  business.  Only  an  ex- 
perienced man  knows  the  value  of  experience,  and  it  can  hardly  be 
expected  that  a  dry-goods  merchant  will  be  interested  in  the  phos- 
phorus content  of  the  steel  for  his  new  store  building,  or  that  a  chief 
engineer  who  never  saw  a  steel  mill  will  take  much  interest  in  rail 
inspection. 

Mr.  Haring  has  related  some  of  his  troubles,  and,  perhaps,  he  at 
least  will  excuse  the  writer  for  referring  to  one  of  his  own.  There 
were  large  quantities  of  slope  wall  to  build  on  three  divisions,  over 
one  of  which  he  had  nominal  control.  The  specification  was  impos- 
sible of  execution,  and  he  issued  instructions  to  his  assistants  ex- 
plaining what  should  be  required.     For  this  he  was  severely  criti- 
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•cised,  it  being  held  that  any  such  "let  up"  would  afford  an  excuse  Mr.  Himes. 
for  ignoring  the  specification  entirely.  After  the  work  had  been  in 
progress  about  six  naontlis,  his  chief  took  him  to  task  for  exacting 
such  good  work  of  the  contractors,  saying  that  the  men  in  charge  of 
the  other  divisions  were  not  so  particular.  It  is  plain  that,  by  using 
a  little  reason  in  the  first  case,  good  work  was  obtained,  whereas,  on 
the  other  divisions,  in  attempting  the  impossible,  the  result  was  a 
failure,  and  the  work  was  as  bad  as  it  well  could  be.  The  solicitude 
of  the  chief  for  the  welfare  of  the  contractors  was  the  cause  of  a 
•change  of  management. 

The  opinion  of  Mr.  Lovell,  on  the  use  of  a  blanket  clause  in  the 
specifications,  is  commended  to  the  profession.  A  man  who  does 
not  know  or  cannot  describe  what  he  wants  should  get  some  one 
else  to  describe  it  for  him. 

Mr.  Thompson  emphasizes  the  need  of  uniformity  of  practice. 
This  seems  to  be  one  of  the  aims  of  the  United  States  Reclamation 
Service,  and  the  writer  has  felt  the  need  of  it  in  his  experience. 
The  American  Railway  Engineering  and  Maintenance-of-Way  As- 
sociation is  doing  some  excellent  work  in  this  direction,  and  its  in- 
fluence will  be  strongly  felt  in  the  profession. 

Mr.  Beahan's  discussion  has  made  very  clear  the  meaning  of  a 
contract  and  the  correct  attitude  of  the  engineer.  His  words  should 
be  studied  with  care.  In  them  the  young  engineer  may  find  more  of 
value  than  in  a  whole  library  of  technical  books. 

To  Mr.  Bixby,  the  writer  is  especially  indebted  for  his  kindness 
in  giving  to  the  Society  some  of  his  experience  as  an  attorney  in 
cases  involving  engineering  work.  His  estimate  of  the  value  of  a 
diary  showing  the  progress  of  a  piece  of  construction  should  be  im- 
pressed upon  every  mind.  He  has  also  made  it  clear  that  an  en- 
gineer is  not  a  judicial  officer,  but  that  the  value  of  his  decisions  rests 
on  his  expert  knowledge  and  in  his  faithful  obedience  to  the  law 
which  requires  that  his  decisions  shall  be  reasonable.  In  other 
words,  his  authority  exists  almost  entirely  because  of  his  knowledge 
and  integrity.     If  he  is  lacking  in  these,  his  decisions  will  not  stand. 

In  summing  up  the  discussion,  the  conclusion  that  seems  to  be 
most  strongly  impressed  upon  the  mind  is  that,  after  having  studied 
mathematics  and  the  applied  sciences,  after  having  learned  to  run  a 
transit  and  become  an  expert  workman,  if  a  man  would  attain  emi- 
nence as  an  engineer,  he  must  descend  to  the  level  of  a  newsboy  and 
study  human  nature.  He  must  begin  at  the  bottom  and  seek  to 
understand  the  ways  of  men,  as  individuals  and  as  social  units. 
He  must  acquire  a  knowledge  of  the  laws  of  society  and  adjust  him- 
self so  that  he  may  move  and  act  in  harmony  with  its  highest  aims. 
Until  he  does  this  he  is  like  a  pebble  in  a  pot-hole  forced  around  and 
around  by  the  rushing  torrent.     When  he  finally  discovers  his  true 
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Mr.  Himes.  position,  when  he  discerns  his  correct  relations  to  other  heings  and 
his  surroundings,  then,  like  an  atom  in  Nature's  chaos,  he  may 
select  his  affinities,  unite  in  harmony  with  others  and  crystallize 
into  a  bulwark  of  society  against  which  the  tide  may  surge  and  the 
storms  may  beat,  but  over  which  they  will  not  prevail. 
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THE  ECONOMICAL  DESIGN  OF  KEINFORCED 

CONCRETE   FLOOR   SYSTEMS   FOR 

FIRE-RESISTING  STRUCTURES. 

Discussion.* 


By  Messrs.  Wilbur  J.  Watson,  Clarence  W.  Noble,  I.  Kreuger, 

EiCHARD  T.  Dana,  C.  A.  P.  Turner,  Ernst  F.  Jonson, 

Leonard  C.  Wason,  E.  P.  Goodrich  and 

Edwin  Thacher. 


Wilbur  J.  Watson,  M.  Am.  Soc.  C.  E.  (by  letter)  .—Many  of  Mr.  Watson. 
the  larger  cities  have  building  codes  which  prescribe  certain  assump- 
tions which  must  be  made  in  computing  reinforced  concrete  bitilding 
work,  and  some  of  them  require  that  copies  of  the  computations  shall 
be  filed  with  the  city  authorities.  Under  such  restrictions,  the  en- 
gineer is  not  at  liberty  to  exercise  his  own  judgment  as  to  the  for- 
mulas which  he  shall  use,  but  must  select  those  which  will  give 
rational  results  and  still  comply  with  the  requirements  of  the  build- 
ing code,  which  are  often  irrational.  One  of  these  sets  of  require- 
ments is  as  follows : 

First,  that  the  ratio  of  the  modulus  of  elasticity  of  steel  to  that 
of  concrete  shall  be  taken  as  equal  to  12 ; 

Second,  that  the  stress  in  any  fiber  of  concrete  shall  be  assumed 
to  be  directly  proportional  to  its  distance  from  the  neutral  axis; 

Third,  that  the  unit  stress  in  concrete,  due  to  bending,  shall  not 
exceed  500  lb.  per  sq.  in.; 

*  This  discussion  (of  the  paper  by  John  S.  Sewell,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedinqs  ior  December,  1905),  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  for  further  discussion. 

Communications  on  this  subject  received  prior  to  April  27th,  1906,  will  be  pub- 
lished subsequently. 
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Mr.  Watson.  Fourth,  that  the  unit  stress  in  steel  shall  not  exceed  16  000  lb. 
per  sq.  in.  under  bending  loads. 

The  writer  does  not  wish  to  be  understood  as  defending  the  fore- 
going requirements,  especially  the  first  two,  which  are  shown  by  the 
author,  and  also  by  George  H.  Blakeley,  M.  Am.  Soc.  C.  E.,  in  his 
excellent  analysis  of  the  subject  published  in  The  Engineering 
Record  of  May  27th  and  June  3d,  1905,  but  is  discussing  the  matter 
from  the  viewpoint  of  the  practical  designer  who  is  compelled  by 
law  to  conform  to  those  restrictions.  In  proportioning  the  quantity 
of  steel,  the  writer  uses  a  value  of  0.85  of  the  distance  from  the  top 
of  the  beam  to  the  center  line  of  the  steel  reinforcement  as  the 
effective  depth  of  the  girder,  as  recommended  by  the  author.  The 
writer  does  not  like  the  idea  of  using  multiplied  stresses  in  the 
analysis  of  reinforced  concrete  beams,  as  it  seems  to  be  more 
rational,  and  more  consistent  with  the  method  of  analysis  used  for 
other  types  of  beams,  to  use  the  working  stresses  assuming  the 
modulus  of  elasticity  of  concrete  to  be  constant  under  the  ordinary 
working  stresses.  It  is  often  argued,  in  favor  of  complicated  for- 
mulas for  designing  reinforced  concrete  beams,  that  the  tests  of 
beams  show  a  greater  strength  than  the  more  rational  and  simple 
formulas  would  indicate,  but  such  is  also  the  case  in  regard  to  tlie 
ordinary  steel-plate  girder.  Most  writers  who  deal  with  this  sub- 
ject place  too  much  reliance  on  the  ultimate  strength  of  a  reinforced 
concrete  beam. 

It  is  pretty  well  demonstrated  by  tests  that,  when  the  stress  in 
the  steel  rods  reaches  a  comparatively  low  value,  cracks  will  begin 
to  appear  on  the  tension  surface  of  the  concrete.  It  seems  to  be  the 
idea  that  it  is  safe  to  disregard  this  cracking  of  the  concrete  in 
tension,  entirely  on  the  supposition  that,  provided  the  stress  in  the 
steel  does  not  exceed  the  yield  point  or  elastic  limit  of  the  same, 
these  cracks  will  close  up  on  the  removal  of  the  load,  and  no  harm 
will  be  done  to  the  beam.  Now,  the  writer  is  a  skeptic  on  this 
point,  and,  until  much  more  definite  data  are  obtainable,  relating 
to  the  cracking  of  such  beams  on  their  tension  surfaces,  and  the 
consequent  exposure  of  the  reinforcing  rods  to  corrosive  influences, 
it  would  seem  to  be  wise  for  conservative  designers  to  use  low  unit 
stresses  in  the  reinforcing  steel,  in  order  to  reduce,  as  far  as  pos- 
sible, the  strain  of  the  concrete  in  tension. 

Granting  that  it  is  advisable  to  use  a  low  unit  stress  in  the  steel 
reinforcing  bars,  there  appears  to  be  very  little  advantage  to  be 
gained  in  using  a  high-carbon  steel,  or,  in  many  cases,  a  distorted 
bar.  The  only  advantage  that  appears  to  be  gained  by  the  use  of 
high-carbon  steel  is  the  increase  in  the  factor  of  safety  obtained, 
provided  that  such  factor  of  safety  be  based  upon  the  ultimate 
failure  of  the  beam.     If,  however,  the  factor  of  safety  be  based  upon 
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the  point  at  which  damaging  cracks  occur  in  the  tensile  surface  of  Mr.  Watson, 
the  beam,  the  factor  will  be  the  same  for  soft  steel  as  for  high  steel 
bars.  It  will  be  found  that  by  using  a  low  unit  stress  in  the  steel 
and  by  using  small-sized  bars  in  order  to  obtain  a  large  adhesive 
surface,  it  is  often  unnecessary  to  use  distorted  bars,  as  conservative 
values  of  the  adhesion  of  the  concrete  to  plain  bars  will  suffice  to 
transfer  the  web  stresses  to  the  bars.  The  superiority  of  soft  or 
medium  steel  bars  over  high  carbon  bars  lies  in  the  greater  reli- 
ability of  the  former  and  the  fact  that  they  may  be  safely  bent  cold 
in  the  field.  The  writer  is  firmly  of  the  opinion  that  when  high 
carbon  bars  are  used,  as  they  very  often  are,  they  should  never  be 
allowed  to  be  bent  at  all,  as  they  are  very  likely  to  break  in  the 
bending,  if  bent  cold,  or  to  be  improperly  treated,  if  heated  and 
bent.  The  writer  knows  of  several  cases  where  high  steel  bars  have 
repeatedly  broken  while  being  bent  for  use  in  reinforcing  concrete 
work.  If,  however,  high  carbon  steel  is  used,  and  also  high  working 
stresses,  then  it  will  often  be  found  necessary  to  use  distorted  bars, 
as  in  many  cases  the  adhesion  of  the  concrete  to  the  steel  will  not 
then  suffice  to  transfer  the  higher  stresses.  The  writer  is  not  quite 
convinced  of  the  necessity  of  attaching  web  members  rigidly  to  the 
horizontal  bars.  The  method  practiced  by  the  writer  has  been  to 
use  vertical  U  -bars  which  are  placed  in  the  forms  first,  the  hori- 
zontal bars  are  then  placed  upon  them  and  are  supported  by  them, 
the  U  -bars  being  hung  at  their  upper  ends  upon  a  longitudinal  bar 
supported  by  blocks  placed  upon  the  floor  forms.  In  this  way  the 
vertical  rods  are  drawn  up  tight  against  the  horizontal  bars  and  are 
thus  enabled  to  transfer  tensile  stresses  directly  to  the  latter.  As 
the  U-bars  are  held  by  the  concrete  from  slipping  along  the  hori- 
zontal bars,  the  writer  cannot  see  why  this  is  not  as  good  as  a  rigid 
attachment  to  the  horizontal  bars.  The  system  is  very  convenient 
in  the  field.  The  writer  agrees  with  the  author  that  web  members 
should  be  used  in  nearly  all  cases  of  beams,  and  especially  when  the 
beams  and  girders  are  placed  and  allowed  to  set  before  the  floor  slab 
is  laid,  which  seems  to  be  a  common  method  of  procedure. 

Clarence  W.  Noble,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  Mr.  Noble, 
writer  has  read  this  able  paper  with  a  great  deal  of  interest.  It  is 
particularly  opportune,  as  the  use  of  reinforced  concrete  is  becoming 
very  general,  before  many  of  the  theoretical  points  connected  with  its 
design  have  been  definitely  decided,  and  before  engineering  practice 
in  this  regard  has  been  in  any  degree  standardized.  For  example, 
there  is  in  common  use  a  bending  moment  formula  which  gives  an 
ultimate  value  for  a  given  beam  100%  in  excess  of  the  value  given 
by  another  formula  also  generally  used,  and  both  formulas  are  sanc- 
tioned by  practice.  The  variation  in  practice  regarding  the  use  of 
shear  bars  is  another  case  in  point.  It  is  to  be  hoped,  therefore,  that 
this  paper  will  be  very  fully  discussed. 
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Mr.  Noble.  Some  time  ago  the  writer,  by  graphical  methods,  reached  the 
conclusion  derived  analytically  by  the  author,  namely,  that  economi- 
cal design  requires  that,  unless  prevented  by  other  considerations, 
the  steel  reinforcement  should  develop  the  crushing  strength  of  the 
concrete  when  its  own  elastic  limit  is  reached.  Just  what  percent- 
age of  steel  is  necessary  to  develop  this  crushing  strength  is  a  ques- 
tion on  which  opinions  differ.  A.  N.  Talbot,  M.  Am.  Soc.  C.  E., 
found  that  in  1-3-6  concrete  beams  60  days  old  the  crushing 
strength  of  the  concrete  would  not  be  developed  by  less  than  1-2%  of 
mild  steel  or  1%  of  high-carbon  steel.  W.  K.  Hatt,  Assoc  M.  Am. 
Soc.  C.  E.,  found  that  2i%  of  mild  steel  did  not  develop  the  crush- 
ing strength  of  a  1-2-4  rock  concrete  beam  loaded  centrally.  Edgar 
Marburg,  M.  Am.  Soc.  C.  E.,  found  that  a  beam  reinforced  with 
1.19%  of  Ransome  bars  having  an  elastic  limit  of  58  000  lb.  per 
sq.  in.  did  not  fail  by  the  crushing  of  the  concrete.  These  tests  show 
allowable  percentages  of  steel  considerably  in  excess  of  those  derived 
analytically  by  Captain  Sewell.  On  the  other  hand,  A.  L.  Johnson, 
M.  Am.  Soc.  C.  E.,  working  analytically,  reached  a  result  slightly 
below  those  under  discussion.  Theory  and  practice  here  seem  to  part 
company.  As  the  maximum  of  economy  is  attained  in  beams 
highly  reinforced,  this  is  a  point  concerning  which  investigation 
can  be  profitably  continued. 

Economy  in  the  choice  of  materials  is  a  matter  which  is  perti- 
nent to  the  subject  under  discussion.  In  designing  roofs,  for  ex- 
ample, it  is  frequently  found  theoretically  possible  to  use  slabs  much 
thinner  than  the  3-in.  limit  fixed  by  good  practice.  In  such  cases, 
using  the  3-in.  slab,  if  the  reinforcement  used  is  less  than  0.5  of  1% 
of  high-carbon  steel  it  is  advisable  to  use  cinder  concrete,  as  the 
material  is  cheaper  and  affords  sufficient  streng-th.  The  choice  be- 
tween the  various  forms  of  patented  and  unpatented  reinforcing  bars 
also  resolves  itself  into  a  question  of  how  much  total  elastic  limit 
in  a  satisfactory  form  can  be  bought  for  a  cent.  If  a  given  amount 
of  tensile  strength,  together  with  the  necessary  bond  between  the 
concrete  and  steel  and  sufficient  provision  for  shearing  stress,  can 
be  supplied  by  plain  bars  at  less  expense  than  by  patented  bars, 
then,  obviously,  the  cheaper  bars  should  be  used.  This  brings  up  a 
discussion  of  the  nature  of  the  bond  between  steel  and  concrete. 

The  most  extensive  series  of  tests  of  the  union  between  steel 
bars  and  concrete,  known  to  the  writer,  was  made  at  the  Massachu- 
setts Institute  of  Technology.*  The  report  of  these  tests  has  also 
been  widely  circulated  by  the  patentees  of  a  certain  kind  of  de- 
formed bar.  A  number  of  plain  and  deformed  bars  were  embedded 
for  various  lengths  in  1-3-6  concrete  blocks.  These  bars  were  pulled 
out  by  direct  tension  from  an  Olsen  testing  machine.  The  bars 
*  The  Railroad  Gazette,  September  18th,  1903. 
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extended  entirely  through  the  concrete,  and  observations  were  taken  Mr.  Noble, 
on  the  free  end  to  determine  the  first  slip.     The  tests  on  round  and 
square  plain  bars  of  structural  steel  are  shown  in  Table  1. 

TABLE  1. — Tests  of  Adhesion  Between  Plain  Bars  and  Concrete. 


Size  and  kind  of  bar. 

Depth 
embedded, 
in  inches. 

Adhesion,  in 

pounds  per 

square  incb 

exposed  to 

concrete. 

Stress  per 

square  inch 

in  bar. 

24 
24 
31 
31 
36 
36 

371 
274 
255 
243 
219 
221 

38  400 

35  200 

42  20IJ 

40  400 

5^-i  neb,  round  .        

42  200 

^-inch,  square 

42  700 

It  will  be  noted,  from  Table  1,  that  in  every  case  the  bars  slipped 
in  the  concrete  at  a  point  where  the  steel  was  strained  to  more  than 
its  elastic  limit.  This  makes  an  obviously  unfair  test,  for,  when 
the  bar  begins  to  elongate,  the  entire  load  is  taken  off  by  the  concrete 
immediately  around  the  point  where  the  bar  enters  it,  and  conse- 
quently the  adhesion  between  the  concrete  and  that  portion  of  the 
bar  farther  within  the  block  will  not  be  stressed.  The  resultant 
action  would  be  similar  to  that  in  tearing  a  piece  of  paper,  which 
can  withstand  a  considerable  tensile  stress  applied  uniformly  over 
the  sheet,  but  fails  at  once  when  the  load  is  concentrated  at  one 
edge.  Such  an  action  shows  very  plainly  in  the  tests  given  in 
Table  1,  as  the  longer  bars  failed  at  considerably  lower  average  ad- 
hesive stress  per  square  inch  than  the  shorter  bars.  This  condition 
probably  exists  to  an  extent  in  tests  made  within  the  elastic  limit  of 
the  steel,  although  it  would  never  occur  in  a  reinforced  concrete 
beam  under  actual  working  conditions,  as  there  the  stress  is  applied 
gradually  by  the  concrete  acting  on  the  bar,  and  the  ends  of  the  bar 
are  unstressed  at  all  times.  Overlooking  this  fact,  however.  Table  1 
would  show  that  one  can  expect  an  adhesion  between  concrete  and 
plain  steel  bars  of  more  than  275  lb.  per  sq.  in.  Professor  Hatt  finds 
values  varying  from  636  to  756  lb.  per  sq.  in.,  and  states  that,  after 
the  rod  starts,  from  50  to  70%  of  its  original  adhesion  remains,  due 
to  the  grip  of  the  concrete.  Bauschinger  obtains  values  ranging 
from  570  to  640  lb.  per  sq.  in.  If  experimental  tests  are  of  any 
value,  an  assumption  of  250  lb.  per  sq.  in.  for  adhesion  is  certainly 
conservative.  This  being  the  case,  the  statement  made  by  the 
author  that  the  sum  of  the  horizontal  components  of  the  stresses  in 
the  web  members  on  each  side  of  the  center  of  the  beam  should  be 
sufficient  to  develop  the  strength  of  the  flange  reinforcement,  can 
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Mr.  Noble.  Only  be  justified  as  economical  practice  on  the  ground  that  the  bond 
between  the  steel  and  the  concrete  below  the  neutral  axis  of  the 
beam  is  unreliable.  He  must  also  consider  the  ability  of  the  con- 
crete to  resist  shear  as  worthless.  The  majority  of  engineers  deal- 
ing with  reinforced  concrete  will  probably  not  agree  with  the  author 
on  these  points. 

J.  W.  Schaub,  M.  Am.  Soc.  C.  E.,  talking  before  the  students  of 
the  Armour  Institute  of  Technology,  compared  experiments  with 
rods  embedded  in  concrete  with  those  made  with  concrete  pats  al- 
lowed to  set  upon  steel  plates.  He  concluded  that  the  adhesion  be- 
tween concrete  and  an  embedded  rod  is  due  to  two  causes.  The 
first  is  the  formation  of  a  slightly  soluble  silicate  of  iron  having  a 
cementitious  value  in  tension  of  22  lb.  per  sq.  in.  The  second  is  the 
gripping  effect  of  the  concrete  due  to  shrinkage  during  setting, 
which  pushes  particles  of  cement  and  sand  into  the  minute  uneven- 
nesses  of  the  surface  of  the  bar.  The  silicate  of  iron  causes  that 
portion  of  the  adhesion  found  by  Professor  Hatt  to  be  lost  with  the 
initial  slip.  Assuming  either  Hatt's  or  Bauschinger's  values  as 
correct,  all  the  silicate  can  be  dissolved  out  of  the  concrete,  or  can 
attach  itself  to  mill  scale  instead  of  to  the  steel  itself  without  re- 
ducing the  adhesion  to  250  lb.  per  sq.  in.  Evidently,  therefore,  this 
can  be  assumed  as  a  safe  ultimate  value. 

The  advocates  of  deformed  bars  advance  the  argument  that  the 
lengthening  of  a  bar  under  tension  tends  to  decrease  the  diameter 
of  the  bar  and  thus  relieve  the  grip  of  the  concrete.  Now,  it  is  not 
at  all  certain  that  the  lengthening  of  the  bar  within  the  elastic  limit 
will  cause  a  corresponding  loss  of  diameter.  Certainly,  the  ten- 
dency is  to  separate  the  molecules  of  steel  forming  the  bar,  and  it 
is  hard  to  see  how  this  tendency  can  be  transmitted  from  molecule 
to  molecule  along  the  length  of  the  bar  unless  some  separation 
actually  takes  place.  But,  assuming  that  the  diameter  is  reduced 
corresi)ondingly,  and  that  a  high-carbon  bar  having  an  elastic  limit 
of  50  000  lb.  per  sq.  in.  is  stressed  from  zero  up  to  that  limit,  it 
would  only  be  increased  by  -^f-^^  of  its  original  length.  A  corre- 
sponding reduction  of  area  would  mean  that  the  reduced  radius 
would  be  0.99914  of  its  original  length,  thus  reducing  the  radius  of  a 
i-in.  bar  by  0.000215  in.  and  the  radius  of  a  1-in.  bar  by  0.000430  in. 
If  it  be  assumed  that  the  concrete  grips  the  bar  with  a  pressure  of 
only  250  lb.  per  sq.  in.,  and  that  the  modulus  of  elasticity  of  concrete 
is  2  400  000,  it  would  only  relieve  the  compression  for  a  distance  of 
2  in.  from  the  i-in.  bar  if  the  concrete  should  follow  the  receding 
steel  for  the  entire  distance  of  0.000215  in.  Evidently,  there  is  no 
danger  that  the  reduction  in  diameter  of  the  bar  will  cause  the 
particles  of  the  concrete  to  withdraw  from  the  interstices  of  the 
steel  surface. 
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A  refusal  to  recognize  the  shearing  value  of  concrete  can  only  Mr.  Noble, 
arise  from  the  belief  that  when  the  beam  has  taken  an  appreciable 
deflection,  so  that  the  concrete  below  the  neutral  axis  has  been 
separated  by  minute  cracks,  this  shearing  value  disappears.  This 
is  doubtless  the  case  where  such  cracks  occur,  but,  taking  place  as 
they  do  at  points  whore  the  steel  is  stressed  the  highest,  they  occur 
at  points  of  lowest  shear,  and,  even  here,  unless  the  steel  is  loaded  to 
more  than  its  elastic  limit,  do  not  go  above  the  neutral  axis  of  the 
beam.  Even  if  the  beam  is  designed  for  a  concentrated  moving  load, 
the  concrete  above  the  neutral  axis  near  the  middle  of  the  span 
would  be  as  well  able  to  take  the  maximum  shear  coming  on  it  as 
would  the  concrete  in  the  full  depth  of  the  beam  near  the  ends. 
Therefore,  it  would  seem  to  be  only  necessary  to  provide  vertical 
reinforcement  for  shear  in  excess  of  that  which  can  safely  be  carried 
by  the  concrete. 

It  is  the  writer's  belief  that  economical  designs  are  best  obtained 
by  the  use  of  a  comparatively  large  number  of  small  undeformed 
bars  for  horizontal  reinforcement.  This  insures  ample  bond  be- 
tween the  steel  and  the  concrete  for  all  but  very  short  and  deep 
beams.  As  the  ends  of  the  beam  are  approached,  the  flange  stresses 
become  of  relatively  less  importance,  and  these  bars  are  then,  one  or 
two  at  a  time,  turned  up  at  an  angle  of  from  30  to  45°  into  the 
concrete  and  continued  along  the  top  of  the  beam  to  the  point  of 
support,  where  they  bond  into  the  wall  or  adjacent  beam.  They 
thus  serve  successively  as  positive-moment  bars,  shear  bars,  and 
negative-moment  bars,  meeting  in  each  situation  the  greatest  need 
of  the  beam,  and  doing  it  always  with  a  maximum  of  economy. 

I.  I^JiEUGER,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Sewell  Mr.  Kreueer. 
gives  some  very  valuable  suggestions  for  the  design  of  reinforced 
concrete  beams.  The  writer  believes,  however,  that  until  more 
thorough  knowledge  of  the  properties  of  concrete  is  obtained,  the 
straight-line  formula  is  the  most  satisfactory  one  for  computing 
reinforced  concrete  girders. 

There  is  hardly  a  prominent  engineer  in  Europe  or  America 
dealing  with  concrete  who  has  not  established  a  formula  of  his  own, 
visually  built  upon  an  assumed  variation  in  the  stress-deformation 
curve  of  the  concrete.  The  factors  which  influence  this  curve  seem 
to  be  so  many  and  of  such  a  complex  nature  as  to  make  hopeless  the 
task  of  obtaining  a  result,  true  for  all  classes  of  concrete.  While 
numerous  observations  as  to  the  deformations  of  concrete  under 
compression  have  been  made  in  Europe  and  America,  the  widely 
different  results  obtained  tend  to  make  them  rather  confusing,  and, 
under  these  conditions,  the  author's  stress-strain  curve  seems  to  be 
an  unwarranted  refinement. 

The  simplicity  of  the  straight-line  formula,  and  the  fact  that  it 
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Mr.  Kreuger.  is  accepted  for  the  building  laws  of  many  prominent  cities,  are 
factors  greatly  in  its  favor.  It  seems  to  the  writer,  however,  to  be 
of  secondary  importance  to  establish  the  true  stress-strain  curve  of 
the  concrete  in  compression,  as  all  tests  show  that  this  curve  is  quite 
different  from  the  stress-strain  curve  of  the  concrete  subjected  to 
bending.  This  is  not  always  clearly  recognized,  but  the  customary 
provision  to  calculate  a  higher  value  for  bending  compression  than 
for  direct  compression  is  an  admission  of,  and  an  allowance  for,  the 
errors  of  the  present  method  of  computing  reinforced  concrete 
girders. 

Such  evidence  can  also  be  found  in  the  tests  mentioned  on 
page  652*  where  the  steel  was  pidled  apart,  though  the  percentage  of 
steel  was  more  than  twice  the  amount  recommended  in  the  table  on 
page  634.* 

If  one  insists  upon  computing  concrete  girders  in  a  manner 
similar  to  that  used  for  steel  beams,  and  if  one  maintains  the 
assumption  that  the  tensile  strength  of  concrete  should  be  neg- 
lected, the  results  of  the  bending  tests  executed  on  reinforced  con- 
crete girders  would  lead  to  the  assumption  of  a  stress-strain  curve 
following  closely  a  rectangle.  The  diagram  for  such  a  curve  would 
then  have  the  appearance  of  Fig  7.  

The  writer,  however,  believes  that,  until 
more  thorough  tests  have  been  made  on  this 
subject,  the  straight-line  formula  at  present  in 
use  is  the  most  convenient  way  for  calculating 


reinforced  concrete  beams.  Fig.  7. 

The  conclusions  to  which  the  author  comes,  that  for  economical 
design  as  large  a  percentage  of  steel  as  the  concrete  will  stand 
should  be  used,  and  that  no  steel  should  be  put  into  the  upper  flange, 
seem  to  be  thoroughly  sound,  and  are  probably  in  conformity  with 
the  experience  of  most  designers. 

Regarding  T -beams,  the  author  brings  up  the  question  of  the 
flange  width  which  should  be  counted  on.  The  praxis  on  this  point 
varies  greatly.  The  building  laws  of  several  cities,  notably  Cleve- 
land and  Buffalo,  allow  a  width  of  ten  times  the  width  of  the  beam. 
It  is  contrary  to  all  authorities  on  this  subject,  however,  to  use  such 
a  large  flange  width,  and  the  figure  given  by  the  author — three  times 
the  width  of  the  beam — seems  to  be  much  more  satisfactory.  It  is 
difficult,  however,  to  see  in  what  way  the  allowable  flange  width  is 
influenced  by  the  width  of  the  beam,  and  it  would  seem  to  be  more 
correct  to  make  it  dependent  upon  the  length  of  the  span.  For 
certain  cases  where  there  is  danger  of  buckling,  the  thickness  of 
the  slab  may  be  the  governing  factor.  It  has  been  the  writer's 
praxis  to  allow  a  total  flange  width  of  one-sixth  of  the  length  of 
the  beam. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1905. 
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The  system  of  web  reinforcement  described  by  the  author  is  a  Mr.  Kreuger. 
very  interesting  feature  of  the  paper.     It  may  be  said  that  the  value 
of  web   reinforcement  has  been   clearly   established,   and  most  en- 
gineers agree  upon  this  point. 

Of  the  author's  final  remarks,  the  writer  considers  No.  6  par- 
ticularly worthy  of  attention.  If  concrete  girders  were  generally 
calculated  as  continuous,  and  the  steel  reinforcement  arranged  ac- 
cordingly, a  great  saving  could  be  made,  and  at  the  same  time  there 
would  be  a  gain  in  safety. 

EicHARD  T.  Dana,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  Mr.  Dana, 
author  has  taken  the  longest  step,  so  far,  toward  placing  the  design 
of  concrete  structures  on  a  strictly  scientific  basis.  The  mathemati- 
cal work  is  admirable,  and  the  deductions,  in  the  main,  seem  to  be 
accurate.  The  writer  does  not  entirely  agree  with  the  author  in 
placing  the  cost  of  steel  at  3  cents  per  lb.,  as  it  would  seem  that 
2i  cents  would  be  a  closer  figure,  bringing  the  average  value  of 
p  to  60.  The  author  has  designed  his  formula  for  ultimate  strength. 
The  writer  is  of  the  opinion  that  it  is  better  practice  to  design  for 
working  stresses,  for  the  following  reasons : 

1. — A  very  much  smaller  part  of  the  stress-strain  curve  is  brought 
into  play,  and  to  the  stress-strain  curve  a  close  approximation  may 
be  made  by  a  straight  line,  thus  ijermitting  the  use  of  a  straight-line 
formula. 

2.^The  factor  of  safety  for  concrete  should,  at  times,  be  de- 
cidedly different  from  the  factor  of  safety  for  steel  in  tension.  If 
a  beam  is  designed  on  the  basis  of  the  point  of  failure  of  the  steel 
and  concrete,  or  on  the  basis  of  the  point  of  failure  of  the  steel, 
namely,  the  elastic  limit  of  the  steel,  and  a  percentage,  say,  80,  of  the 
point  of  failure  of  the  concrete  when  the  beam  is  under  vibratory 
loads,  the  concrete  will  be  working  under  a  disadvantage,  as  com- 
pared with  the  steel,  and  therefore  the  concrete  will  be  overworked, 
which  would  result  ultimately  in  weakening  the  beam.  It  would 
seem  to  the  writer,  therefore,  to  be  better  practice  to  design  for  the 
actual  safe  stresses  of  the  two  materials. 

The  formula  worked  out  by  the  author  is  exceedingly  ingenious, 
and  is  the  simplest  one  known  to  the  writer,  having  regard  to  rigidity 
of  reasoning.  In  beam  formulas,  however,  the  writer  prefers  to  use 
the  method  delevoped  in  the  last  few  years  in  France  by  Coignet, 
Tedesco,  and  Maurel.  The  method  replaces  the  steel  in  a  section 
with  a  quantity  of  concrete  equivalent  to  the  area  of  the  steel  multi- 

plied  by      *.      The  section,  thus  reduced  to  a  homogeneous   one,  is 

referred  to  a  neutral  axis  passing  through  the  center  of  gravity,  and 
the  moment  of  inertia  of  the  entire  section  is  obtained  on  the  basis 
of   the  concrete   alone.     This   method   results   in   extremely   simple 
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Mr.  Dana,  formulas  for  rectangular  T  -beams,  and  is  applicable  to  the  rapid 
analysis  of  very  complicated  shapes.  It  is  the  only  rapid  method 
known  to  the  writer  whereby  a  hollow  section  of  irregular  area,  with 
various  arrangements  of  reinforcement,  can  be  calculated  accurately. 
The  value  of  N,  or  the  ratio  between  the  coefficients  of  elasticity  of 
steel  and  concrete,  will,  of  course,  vary  for  diiferent  conditions,  and 
it  seems  to  the  writer  to  be  essential,  in  any  general  formula,  that 
N  be  chosen  by  the  designer  for  the  special  conditions  of  practice, 
and  that  it  should  be  in  shape  to  insert  readily  in  the  formula. 

Concerning  the  question  of  web  stresses,  in  the  writer's  opinion, 
the  concrete  beam  is  analogous,  not  to  a  Pratt  truss,  or  to  a  Warren 
girder,  but  rather  to  a  Howe  truss.  ■  Wliile  the  method  of  reinforce- 
ment given  by  the  author  is  unquestionably  excellent,  and  will  pro- 
duce a  safe  beam,  it  is  believed  by  the  writer  that  an  equally  safe 
and  rather  cheaper  beam  can  be  made  with  vertical  stirrups  spaced 
at  distances  equivalent  to  the  depth  between  the  centers  of  tension 
and  compression,  with  special  attention  paid  to  what  in  a  plate  girder 
would  be  end  stiff eners. 

With  the  practical  reasons,  given  by  the  author  on  pages  654 
and  655,*  for  the  use  of  stirrups  or  web  members,  the  writer  fully 
concurs,  except  in  the  argument  based  on  the  reconstruction  of  such 
beams  in  place.  Where  the  heat  from  the  fire  has  been  so  great  as- 
to  dehydrate  the  cement,  the  steel  is  likely  to  have  suffered  greatly, 
and  even  if  the  concrete  were  replaced,  the  beam  would  probably  not 
have  anything  like  its  original  strength,  particularly  if  cold-drawn 
wire  or  cold-twisted  steel  were  used  for  the  reinforcement. 

The  thanks  of  the  engineering  profession,  as  well  as  of  this 
Society,  are  due  to  the  author  for  this  admirable  paper. 
Mr.  Turner.  C.  A.  P.  TuRNER,  M.  A^[.  Soc.  C.  E.  (by  letter).— While  the 
writer  has  designed  a  great  many  buildings  of  reinforced  concrete, 
and  while,  in  every  case  where  his  instructions  have  been  carried 
out,  the  resulting  work  has  been  stronger  than  represented  by  him, 
he  will  frankly  state  that  though  he  has  been  able  to  design  safe 
and  satisfactory  work  at  a  low  cost  for  construction,  he  regards  it 
as  impossible  in  the  present  embryonic  state  of  knowledge  of  the 
properties  of  reinforced  concrete  to  attempt  successfully  anything 
approaching  a  valuable  general  mathematical  discussion  and  in- 
vestigation of  the  economical  design  of  reinforced  concrete  floor 
systems.  This  statement  is  made  in  fairness  to  Mr.  Sewell  in  order 
that  such  criticism  as  the  writer  offers  may  be  better  understood, 
and  that  such  theories  as  are  presented  with  the  criticism  will  be 
accepted  in  their  true  light,  as  a  merely  suggested  explanation  of 
observed  facts. 

It   happens   too    often   in    a   mathematical   discussion    that   the 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1905. 
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Fig.  1. — Warehouse.  N.  W.  Knitting  Co.,  Showing  Construction  with  5J.4-In.  Slabs, 
16  Ft.  8  In.  by  15  Ft.  8  In. 


Fig.  2.— Warehouse,  N.  W.  Knitting  Co.  Test  Load  of  900  Lb.  Per  Sq.  Ft.  on  SJ^In 
Slab,  10  Ft.  8  In.  by  15  Ft.  8  In. 
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theorist  starts  out  with  an  assumed  premise,  then  proceeds  to  build  Mr.  Turner, 
an  elaborate  mathematical  theory  thereon,  and  forgets  in  his  sum- 
ming up  that  his  reasoning,  however  accurate  his  mathematics,  is, 
after  all,  based  on  the  assumed  premise  rather  than  on  fact.  This 
seems  to  the  writer  to  be  the  basis  of  the  author's  expressed  belief 
that,  in  his  short  discussion,  he  has  brought  out  the  real  principles 
of  economic  design. 

The  author's  assumptions  will  be  taken  up  in  detail,  in  order  to 
arrive  at  the  value  of  his  conclusions.  First,  he  asserts  that  no 
extensive  system  of  concrete  floors  can  be  economically  designed 
without  the  use  of  rolled-steel  beams  or  concrete  ribs.  Now,  the 
writer's  experience,  in  paying  the  cost  of  this  work  in  labor  and 
materials,  is  that  where  the  panels  are  not  greater  than  25  ft.  square, 
for  a  guaranteed  test  load  of  200  or  300  lb.  per  sq.  ft.  over  the  full 
area,  a  plain  slab  without  ribs  costs  less  than  one  with  ribs.  In 
warehouse  work,  it  is  perfectly  feasible  to  put  up  a  building  with 
columns  at  16-ft.  centers,  with  a  floor  of  Tj-in.  rough  slabs,  using  no 
ribs  at  all,  and  test  it  with  800  lb.  per  sq.  ft.  without  injury  to  the 
construction.  Furthermore,  it  can  be  put  up  at  less  cost  without 
the  ribs,  and  will  require  less  metal,  as  the  load  will  travel  more 
directly  to  the  supports,  instead  of  around  a  corner,  as  in  the  case 
where  beams  are  used.  This  method  of  construction  is  outlined  in 
Figs.  8  and  9. 

Now,  floor  slabs  are  made  anywhere  from  5  to  25  ft.  in  span, 
and,  on  this  basis,  can  a  discussion,  of  the  economic  relations  of  the 
slab  and  ribs,  which  starts  out  by  assuming  a  constant  value  for  the 
thickness  of  the  slab  be  regarded  logically  as  of  any  value  whatever? 
Aside  from  this  little  oversight,  the  author  fails  to  realize  that  if 
beams  or  ribs  are  at  5-ft.  centers,  the  rib  centering  costs  just  four 
times  as  much  as  if  they  were  at  20-ft.  centers.  This,  also,  is  an  item 
which  is  not  fixed  by  the  problem  in  most  cases,  but  by  questions  of 
economy  only,  and  must  appear  in  the  discussion,  if  it  be  of  any  prac- 
tical value  whatever.  Hence,  the  cost  of  centering,  which  the  author 
assumes  as  a  constant,  is  in  reality  a  very  variable  one.  Again,  the 
floor  system  is  but  a  part  of  the  whole,  and,  as  the  same  load  can  be 
carried  to  the  footing  more  cheaply  through  one  column  than 
through  two,  this  item  enters  into  the  discussion,  if  it  be  complete. 

Now,  in  any  physical  research,  a  mathematical  theory  is  of  value 
only  as  it  agrees  with  and  explains  the  results  of  practical  experi- 
ment and  if  the  author's  theory  is  tenable,  as  a  general  basis  of 
economic  design,  it  should  fairly  explain  the  results  and  facts  de- 
veloped in  the  course  of  practical  work.  Take,  for  example,  the 
floor  slabs  illustrated  in  Plate  XXV.  The  panel  tested  was  16  ft. 
8  in.  by  15  ft.  8  in.,  in  which  the  slab  was  5i  in.  thick  with  1  in.  of 
cheap  strip  filling  on  the  top,  reinforced  with  |-in.  round  bars,  at 
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Mr.  Turner.  4-in.  centers  each  way,  each  kept  at  an  average  of  |  in.  from  the 
bottom  of  the  slab.  As  these  rods  were  kept  close  to  the  bottom 
right  through,  they  could  not  be  considered  as  reinforcing  the  slab 
over  the  beams  on  the  top  or  tension  side,  as  would  be  considered  in 
the  ordinarily  accepted  theory.  The  rods  were  long  enough  to  go 
just  over  the  top  of  the  beams  and  were  hooked  at  the  end.  A  test 
load  of  cement  in  sacks  of  approximately  900  lb.  per  sq.   ft.  was 


MUSHROOM  SYSTEM  OF  CONSTRUCTION 

COLUMNS  AND  FLOOR  SU\B  ONLY  -  NO  BEAMS 


Fig.  8. 


applied  to  the  slab  and  kept  inside  the  beam  lines  so  as  to  give  a 
straight  shear  load  on  the  slab.  The  strip  filling  was  a  very  weak 
mixture  of  lime,  cement,  and  sand,  so  that  it  could  have  added  little 
to  the  strength.  Disregarding  the  strip  filling  and  calculating  the 
moment  at  ^  W  L,  or,  what  is  probably  more  nearly  correct,  tV  ^  ^> 
in  the  present  case,  distributed  equally  between  the  two  systems  of 
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rods,  gives,  in  the  autlior's  formula:  M 
0.333  in. 


X 


X  12  in.   X   40  000 


hdah  tg  =  0.846  X  4i  in.  Mr.  Turner. 
50  7(50  iu-ll).    for    the    ultimate 


12 

streng1:.h.  Xow,  the  moment  of  the  load,  lf  =  To  (450X15)  16  X 
12  =  129  600  in-lb. ;  in  other  words,  the  moment  of  the  applied  load  is 
2.6  times  the  yield  point  value  of  the  steel,  as  indicated  by  the  au- 
thor's formula,  leaving  the  dead  weight  to  care  for  itself,  or  be 
carried  by  the  cement.     The  actual  deflection  of  the  slab,  under  the 


MUSHROOM   SYSTEM   OF   CONSTRUCTION. 

COLUMNS  AND  FLOOR  SLAB   ONLY  -  NO  BEAMS, 


PARTIAL  PLAN   OF  FLOOR   REINFORCEMENT 


Fig.  9. 

test  load  at  the  center,  was  only  ^\  in.,  and  it  would  require  a  de- 
flection of  Is  in.,  at  least,  even  to  crack  such  a  slab.  From  this 
fact,  it  is  a  fair  inference  that  the  strength  of  the  construction  was 
at  least  from  700  to  800%  of  what  might  be  expected  from  the  author's 
economic  theory;  and  either  excessively  strong  concrete  is  being 
made  or  the  author's  theory  is  very  weak  indeed.  It  should  be 
noted  that  the  concrete  tested  was  only  about  7  weeks  old,  and, 
probably  had  not  developed  more  than  70%  of  its  ultimate  strength. 
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Mr.  Turner,  due  to  the  slow  drying  at  that  season  of  the  year;  further,  that  the 
deflection  of  the  beams  was  tV  in.,  leaving  3%  in.  deflection  of  the 
slab  between  the  beams. 

Mr.  Marsh,  in  his  work  on  reinforced  concrete.  Part  V,  writes 
as  follows : 

"It  may  be  that  we  are  wrong  from  the  commencement  in  at- 
tempting to  treat  it  (reinforced  concrete)  after  the  manner  of 
structural  ironwork.  *  *  *  The  molecular  theory,  i.  e.,  the  pre- 
vention of  molecular  deformation  by  supplying  resistances  of  the 
reverse  kind  to  stresses  on  small  particles,  may  prove  to  be  the  true 
method  of  treatment  for  a  composite  material  such  as  concrete  and 
metal." 

It  seems  to  the  writer  that  the  difficulty  with  the  author's  theory 
is  in  the  fact  that  he  is  endeavoring  to  treat  the  dual  material,  as 
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Fig.  10. 


Mr,  Marsh  says,  after  the  manner  of  structural  ironwork.  He  prac- 
tically starts  out  with  the  assumption  that  the  concrete  can  be 
economically  reinforced  in  one  direction  only,  or  assumes,  following 
certain  other  writers,  that  where  the  reinforcement  is  applied  in 
two  or  more  directions,  the  same  treatment  holds;  and  that  the 
stress  has  only  to  be  divided  between  the  various  systems,  and  that 
otherwise,  their  joint  action  can  be  legitimately  ignored. 

Glancing  now  at  Fig.  10,  the  following  facts  appear  in  evidence 
under  any  bending  of  the  slab:  The  rods,  aa  and  hbj  the  reinforce- 
ment, are  in  tension  and  along  the  diagonal  lines;  dd,  the  lower 
fibers,  are  also  in  tension.  Now,  these  forces  must  be  balanced  by 
compression  in  the  upper  part  of  the  slab.  Where  the  reinforce- 
ment runs  in  one  direction  only,  this  stress  is  cumulative  toward 
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the  center,  but  where  it  is  in  two  or  more  directions  it  may  seem-  Mr.  Turner, 
ingly  be  carried  largely  by  lateral  arching.     See  Fig.  11. 

Again,  there  is  little  exact  knowledge  as  to  how  great  an  increase 
in  strength  may  be  obtained  under  the  conditions  that  one  com- 
pressive stress  tends  to  balance  the  deformation  of  another.  M. 
Considere's  researches  have  thrown  some  light  on  this,  and  are,  per- 
haps, an  indication  as  to  what  may  be  accomplished  along  anal- 
ogous lines.  It  may  well  be  that  the  expert  physicist  may  be  able 
to  devise  an  apparatus  to  measure  the  molecular  stresses  by  thermo- 
electric means,  as  the  writer  has  succeeded  in  doing  in  steel.  For 
such  investigation,  a  concrete  of  sand  and  cement  only  might  sim- 
plify the  problem. 

Next  consider  the  question  of  shear  and  bars  with  attached 
web  members,  or  their  equivalent,  which  the  author  seems  to  fancy 
because  of  his  assumptions  of  an  analogy  between  a  concrete  beam 
and  a  truss.     In  the  experiments  by  A.  N.  Talbot,  M.  Am.  Soc.  C. 
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Fig.  11. 

E.,  these  bars  indicated  a  strength  of  only  8Y%  of  that  of  plain  bars 
ol  equivalent  section,  and,  in  view  of  their  irregular  shape,  rough- 
sheared  and  nicked  section,  it  is  surprising  that  they  did  even  as 
well  as  that.  That  good  results  have  certainly  been  obtained  with 
them,  cannot  be  disputed,  nevertheless,  60%  of  the  strength  that 
may  be  obtained  with  plain  round  bars  and  good  work  will  pass 
muster  anywhere. 

As  regards  the  use  of  shear  members,  the  writer's  experience 
would  indicate  that  better  results  may  be  obtained  without  them, 
by  simply  tying  in  the  skin  of  the  beam  or  rib  with  a  net.  The 
idea  of  having  the  flange  reinforcement  all  in  the  bottom  of  the 
beam,  except  at  the  center,  is  certainly  rarely  followed  by  those  fa- 
miliar with  practical  work,  and  the  author's  remarks,  based  on  the 
assumption  that  the  reverse  is  true,  and  his  conclusions  regarding 
the  superior  advantages  of  the  attached  web  member  bar,  from  the 
fire-proof  standpoint,  are  not  substantiated. 
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Mr.  Turner.  Comparing  the  construction  by  the  manufacturers  of  the  at- 
tached web  member  bar  with  construction  where  plain  bars  are  used, 
and  referring  to  the  warehouse  of  the  Farwell,  Ozmun,  Kirk  Com- 
pany at  St.  Paul  as  a  typical  example  of  the  former  type,  and  the 
warehouse  of  the  Minneapolis  Paper  Company  as  an  example  of  the 
latter,  the  following  tests  offer  a  practical  method  of  judging  these 
claims.  In  the  warehouse  of  the  Farwell,  Ozmun,  Kirk  Company, 
for  the  panel  tested,  the  columns  were  at  13-ft.  centers  along  the 
main  girders,  and  at  16-ft.  centers  along  the  carrying  beams,  which 
were  spaced  at  5.5  to  6.5-ft.  centers,  and  the  slabs  were  about  7  in. 
thick.  The  test  load  was  78  tons  of  pig  iron  over  one  beam,  which 
caused  a  deflection  of  ^V  in.  In  the  warehouse  of  the  Minneapolis 
Paper  Company  the  panels  were  15  ft.  4  in.  by  21  ft.  6  in.;  the 
slabs  were  6J  in.  thick,  over  the  full  panel,  with  1  in.  of  strip  filling 
made  of  weak  mortar;  the  reinforcement  was  f-in.  round  rods, 
spaced  at  an  average  of  6  in.  from  center  to  center  each  way;  the 
beams  ran  from  column  to  column  in  each  direction  only;  the  test 
load  was  110  tons  (shear  load)  on  the  slab,  and,  later,  50  tons  were 
added  to  test  a  12  by  16-in.  beam  with  21  ft.  6  in.  span.  The  slab 
reaction  on  the  beam  would  be  approximately  70  tons.  The  deflec- 
tion of  the  beam  was  practically  inappreciable.  Now,  if,  as  above 
noted,  |-in.  rods  with  an  average  centering  of  6  in.  can  carry  on 
a  6J-in.  slab  110  tons  to  the  beams,  at  15  ft.  4-in.  and  21  ft.  6-in. 
centers,  the  floor  slab  in-  the  St.  Paul  warehouse,  if  the  attached 
web  member  bar  is  any  good,  ought  to  distribute  the  load  over  at 
least  three  beams,  so  that  this  test  was  a  little  greater  than  the  load 
the  floor  was  designed  to  carry — 500  lb.  per  sq.  ft. — while,  in  the  case 
of  the  plain  bar  design,  there  was  double  the  load,  and  on  a  span 
one-third  longer  than  that  of  the  building  of  the  Farwell,  Ozmun, 
Kirk  Company.  There  seems  to  have  been  in  the  slab  approxi- 
mately an  equal  weight  of  metal  reinforcement  per  square  foot  in 
each  case,  and  also  per  linear  foot  in  the  beam,  though,  in  the  plain 
rod  design,  the  clear  span  of  the  slab  was  nearly  three  times  as  great, 
while  the  beam  carried  twice  the  load  and  was  one-third  longer 
in  span.  Upon  such  a  showing,  the  attached  web  member  bar  would 
be  entitled  to  rather  a  scant  consideration,  if  this  illustration  is  a 
fair  one.  Figs.  1  and  2,  Plate  XXVI,  show  some  tests  at  the  ware- 
house of  the  Minneapolis  Paper  Company. 

The  basis  of  the  author's  belief  in  the  web  member  bar  or  its 
equivalent  will  now  be  examined  critically.  He  states  that  he  ana- 
lyzed the  web  stresses  by  analogy  with  a  Pratt  truss,  and,  later,  at  the 
War  College,  further  study  made  it  apparent  that  the  double-inter- 
section Warren  girder  was  a  better  analogy.  Admitting,  for  the 
sake  of  argument,  that  it  is  permissible  to  draw  valuable  conclusions 
from  truss  construction  relative  to  reinforced  concrete  beams,  ac- 
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Fig.    1.— Warehouse,  Minneapolis  Paper  Co.  Test  Load  of   110  Tons  on  BJ^-In.  Slab, 
15  Ft.  4  In.  by  21  Ft.  6  In.,  Center  to  Center  of  Beams. 


Fig.  2.— Warehouse,  Minneapolis  Paper  Co.  Test  Load  of  160  Tons  on  860  Sq.  Ft. 

Column  Spacing  15  Ft.  4  In.  and  21  Ft.  6  In.,  Longitudinally  and 

Transversely,  Center  to  Center. 
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cording-  to  the  author's  belief,  the  Pratt  truss  was  a  good  analogy  Mr.Tumer. 
and  the  double  Warren  girder  a  better  one,  but,  if  an  opinion  is  to 
be  formed  in  this  questionable  way,  engineers  should  obtain  the 
best  possible  analogy.  Taking  the  author's  example,  the  case 
of  the  ^^niform  load,  and  considering  an  analogy  with  an  inverted 
parabolic  bowstring  or  deck  truss,  the  reinforcement  is  of  constant 
section,  as  recommended  by  him,  the  web  stresses  are  all  compres- 
sive, and  the  curved  reinforcement  seems  to  be  ideal  in  this  respect, 
doing  away  with  his  multiplicity  of  relatively  small  and  bother- 
some web  members,  effecting  thereby  a  theoretical  economy  of  30% 
of  the  metal  and  75%  of  the  trouble  in  handling  and  placing  it. 
This  analogical  theory,  it  will  be  noted,  is  for  miiform  loads.  There 
remains,  therefore,  to  treat  any  combination  of  live  loads  in  a  simi- 
lar manner  for  the  simple  beam.  Still  proceeding  on  the  author's 
recommendation  of  a  constant  tension  chord  section,  as  the  com- 
pression chord  of  concrete  is  constant,  one  should  seemingly 
look  for  a  suitable  analogy  in  that  type  of  truss  which  economically 
discards   diagonal   panel  web   members,   while  complying  with  the 
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Fig.  12. 

above  fixed  conditions,  and  this  type  is  evidently  represented  in  the 
Bollman  truss.  While,  in  steel  construction,  the  conditions  noted 
bar  it  from  economical  use,  with  these  fixed,  it  possesses  quite  a 
marked  advantage  over  reinforcement  planned  on  the  Warren  girder 
order,  combined  with  a  dissemination  of  steel  through  the  concrete 
and  ease  in  placing  it  that  should  be  apparent  to  those  having  prac- 
tical experience  in  this  line. 

An  example  of  the  failure  of  the  theory  as  applied  to  a  slab 
which  is  nearly  square  has  been  given,  and  now  the  author's  formula 
will  be  applied  to  the  rectangular  slab  tested  at  the  warehouse  of 
the  Minneapolis  Paper  Company,  21  ft.  6  in.  by  15  ft.  4  in.,  from 
center  to  center,  beams  12  in.  wide,  load  860  lb.  per  sq.  ft.,  distrib- 
uted over  nearly  13  by  20  ft.  in  the  center  of  the  slab,  as  shown  in 
Fig.  12. 

Weight    of    construction 90  lb.  per  sq.  ft. 

Live   load 860     "      "      "     " 

Total    950     "      "      "     " 
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Mr.  Turner.         Using    Mr.    Dunn's    well-known   formula   for   distribution    over 
rectangular  slabs,  with  continuous  reinforcement: 

JV  B  ^* 

M^.  =  Moment  over  support  =    _    x 


1-2       ^     JL*  -\-  B*' 

B     being  breadth,  and  L  length  of  slab.     Therefore: 

12  350 
M^  =  -^-7-  X  15  X  0.8  =  12  000  ft-lb.  =  144  900  iu-lb.; 

d  =  U  in.;  h  =  0.84G;  t^  =  40  000. 

M  =  hdaht,=  0.846  X  4.5  (0.44)  X  40  000  =  67  000  in-lb.  = 
the  calculated  ultimate  strength,  while  we  have  tested  it  to  2.2  times 
this  amount  with  a  deflection  of  y^Vo  of  the  span,  and  could  cer- 
tainly apply  more  than  3  times  this  load  before  final  failure.  It 
should  be  noted  that  the  value  of  a  used  is  the  average  section,  the 
bars  being  spaced  closer  together  at  the  center  of  the  slab,  in  this 
particular  design,  and  is  taken  as  double  for  the  lap  of  the  rods  in 
the  adjacent  panel.  One  would  suppose  that  this  arrangement 
would  show  greater  stiffness  than  that  first  outlined,  but  a  test  does 
not  seem  to  bear  out  the  inference,  or,  at  any  rate,  to  give  it  a  posi- 
tive standing. 

Next,  consider  the  question  of  the  character  of  the  test.  Was 
the  loading  such  that  the  conclusions  are  warranted?  Was  there 
any  considerable  arching,  and  to  what  extent  could  the  surrounding 
construction  distribute  the  load?  When  the  ratio  of  the  depth  of 
the  slab  to  its  span  is  only  1  to  8  or  10,  as  in  the  building  of  the 
Farwell,  Ozmun,  Kirk  Company,  the  slab  can  distribute  a  very  ma- 
terial part  of  the  load  over  adjacent  beams,  but  where  this  ratio 
increases  from  1  to  8  or  10  to  1  to  25  or  35,  the  stiffness  being  ap- 
proximately as  the  cube  of  the  span,  this  amount  would  be  but  ^t 
to  ^^  of  the  former,  where  the  ratio  is  only  1  to  8  or  10,  perhaps 
from  2 J  to  4%,  calculating  this  action  in  the  former  case,  the  St. 
Paul  test,  as  great  as  60  per  cent. 

Now,  as  to  the  question  of  the  arching  of  the  load  from  beam  to 
beam,  and  reducing  the  load  carried  by  the  slab,  it  may  be  stated 
that  the  sacks  were  piled  with  especial  reference  to  reducing  this 
action  to  a  minimum.  With  a  deflection  so  small,  this  action,  in  any 
case,  would  be  slight,  perhaps  reducing  the  calculated  moment  less 
than  from  5  to  8%,  which  might  be  estimated  for  a  sand  or  grain 
pile  of  these  dimensions.  It  may  be  fairly  said  of  the  load  that  it  is 
similar  to  loads  that  would  be  applied  in  use  in  the  building,  and 
that  the  slab  load  was  piled  inside  the  beam  lines  to  give  a  straight 
shear  load  on  the  slab.  Again,  tests  have  been  made  on  slabs  with 
white  lead  in  kegs,  piled  so  that  there  was  no  arching,  and  the  cal- 
culated strength,  by  the  formula  noted,  did  not  agree  more  closely 
with  the  practical  results  than  in  the  foregoing  instances. 

Referring  now  to  the  author's  conclusions  as  to  the  economic 


Papers.]     dISCUSSIOX  :  REINFORCED  CONCRETE  FLOOR  SYSTEMS.     239 

relation  of  the  cost  of  the  concrete  and  steel,  and,  taking  in  this  case  Mr.  Turner, 
a  plate  girder  for  analogy,  it  is  considered  conservative  to  disregard 
the  web  resistance  to  bending  in  a  plate  girder,  just  as  in  the  con- 
crete beam  the  vpeb  resistance  of  the  concrete  below  the  neutral  line 
is  disregarded.  Now,  according  to  general  practice,  it  is  calcu- 
lated that  the  compression  flange  should  equal  the  tension  flange 
in  cost,  that  the  section  of  the  flanges  and  consequent  cost  decreases 
with  the  increase  in  depth,  and,  by  principles  of  maxima  and  min- 
ima, one  ordinarily  tries  to  prove  the  total  cost  a  minimum  when 
the  costs  of  the  web  and  flanges  are  equal. 

Now,  vary  the  problem  by  malting  the  tension  flange  of  a  special 
grade  of  steel  and  the  web  and  compression  flange  of  common  steel, 
as  before,  and  write  the  moment  equation  thus : 

M  =  h  d  ah  t (A) 

in  which  h  d  ^=  the  lever  arm,  or  area  a  of  the  bottom  flange,  and 
t  ^=  the  unit  of  tension.  The  variable  quantities  of  the  two  different 
kinds  are: 

1. — The  special  grade  of  steel  in  the  bottom  flange;  and 

2. — The  common  steel  in  the  web  and  top  flange. 

Now  let  p  represent  the  ratio  of  the  unit  costs  of  the  two  grades 
of  steel  and  let  x  equal  a  quantity  proportional  to  the  sum  of  the 
costs  of  the  variable  elements,  and  substitute  for  a  in  this  equation 
its  value  from  Equation  A,  and  it  can  be  shown  by  the  author's 
method  that  the  total  cost  is  a  minimum  when  the  cost  of  the  special 
steel  in  the  bottom  flange  equals  the  cost  of  the  other  three-quarters 
of  the  girder,  that  is,  the  common  steel  web  and  top  flange.  It 
should  be  noted  that  the  assumed  variation  of  the  web  and  compres- 
sion flange  with  the  depth  is  identical  with  that  assumed  by  the 
author  in  the  case  of  the  concrete  beam. 

Taking  the  first  slab  illustrated,  reducing  the  concrete,  and  in- 
creasing the  steel  until  the  cost  of  each  is  equal,  3^  in.  is  obtained 
as  the  depth  of  the  concrete  over  the  steel,  and  this  on  a  span  of 
16  ft.  8  in.  from  center  to  center.  As  the  steel  is  medium,  h,  ac- 
cording to  the  author's  determination,  equals  0.85,  so  that  the 
effective  depth,  h  d,  equals  3.5  X  0-85  =  2.97  in.,  and  the  ratio  of 
depth  to  span  is  as  1  to  65.  These  would  seem  to  be  rather  attenu- 
ated dimensions  to  support  a  load  of  900  lb.  per  sq.  ft.;  strangely 
enough,  there  does  not  seem  to  be  an  excessive  percentage  of  steel, 
judged  by  his  standards.  Again,  take  the  case  of  a  simple  beam 
10  in.  wide  and  15  in.  deep,  the  cost  of  the  concrete  above  the  steel 
is  22  cents,  and  22  cents'  worth  of  steel  at  If  cents  per  lb.  in  place 
for  plain  bars  equals  12^  lb.,  or  3.75  sq.  in.  This  corresponds  to 
2.75%  reinforcement,  nearly  twice  the  maximum  percentage  neces- 
sary to  develop  the  strength  of  the  concrete  by  the  author's  computa- 
tion. 
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Mr.  Turner.  While,  from  the  engineer's  standpoint,  the  writer  can  see  but 
little  opportunity  for  the  use  of  this  economic  theory,  from  the 
standpoint  of  the  vendor  of  reinforcement,  if  he  can  but  convince 
the  purchaser  of  its  accuracy,  the  commercial  possibilities  in  this 
line  would  seem  to  be  very  attractive.  This  commendable  feature 
of  the  theory,  combined  with  its  apparent  plausibility,  would  readily 
deceive  anyone  failing  to  note  the  confusion  of  constants  and  vari- 
ables involved  in  ihe  assumptions  on  which  it  is  based. 

The  writer  will  now  examine  the  assumptions  under  which  the 
value  of  h  was  determined  a  constant,  and  see  how  the  author  pro- 
ceeds to  fill  these  conditions  in  his  economic  theory.  These  con- 
ditions are  that  the  steel  and  concrete  are  each  worked  to  a  definite 
and  constant  allowable  limit.  Now,  in  his  economic  theory,  he  pro- 
poses to  vary  d  and  a  to  balance  a  constant  moment,  M,  but,  arbi- 
trarily, to  keep  h  and  h  constants.  The  writer  will  start  with  a 
depth  less  than  the  economic  depth  and  double  it,  and  note  at  these 
extremes,  under  the  author's  assumptions,  the  variation  of  the  work- 
ing stress  of  the  concrete.  For  the  shallow  beam,  the  concrete  can 
be  worked,  of  course,  only  to  its  safe  working  stress.  When  d  is 
doubled,  the  total  compressive  stress  on  the  compression  chord  (the 
concrete)  is  cut  in  two,  h  and  h  remaining  constant;  by  the  author's 
economic  theory,  the  area  carrying  this  stress  is  doubled,  making 
the  working  unit  stress  for  the  concrete,  in  the  second  case,  only 
one-fourth  of  what  it  was  in  the  first ;  in  other  words,  according  to  the 
author's  assumptions,  he  compares  the  economic  relations  of  the  steel 
and  the  concrete  on  the  basis  of  a  rational  and  fixed  working  stress 
for  the  steel  and,  as  it  happens,  an  actual  variable  (within  the  nar- 
row limits  of  300  or  400%)  working  stress  for  the  concrete.  This 
appears  to  be  rather  severe  on  the  concrete,  as  indicated  by  the  prac- 
tical example  of  the  slab.  Upon  such  a  basis  of  computation,  it  is 
hardly  surprising  that  the  author  concludes  that  his  theoretical 
economy,  based  on  relative  costs,  is  not  attainable.  He  also  notes 
that  his  discussion  of  minimum  cost  does  not  contain  the  ratio  be- 
tween the  allowable  maximum  stresses  in  the  two  materials,  but  fails 
to  note  that  this  ratio,  which  should  be  fixed  in  a  rational  discussion, 
is  an  extremely  variable  one  as  involved  in  the  equations  from  which 
he  essays  to  draw  his  conclusions. 

The  writer,  in  his  remarks,  thus  far,  has  not  questioned  the 
author's  assumption  of  a  constant  section  of  reinforcement  from  the 
economic  standpoint.  Now,  for  a  simple  beam,  where  the  moment 
varies  from  zero  at  the  end  to  I  W  L  at  the  center,  the  need  of  the 
maximum  section  for  the  full  length  is  not  apparent.  In  the  Moul- 
ton  Jordon  garage  there  were  some  short-span  girders  of  reinforced 
concrete,  42  ft.  from  out  to  out,  in  which  the  writer  considered  that 
there  was  a  very  decided  economy  in  designing  them  with  a  variable 
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flange,  as  lie  would  have  done  if  tliey  had  been  steel.     This  saving,  Mr.  Turner, 
of  course,  would  increase  largely  with  the  increase  in  span. 

In  ordinary  floor  systems,  however,  there  is  the  general  problem  of 
a  series  of  spans,  and  the  question  of  the  relative  economy  of  con- 
tinuous versus  simple  beams  at  once  arises.  As  it  is  impracticable 
to  vary  the  section  of  concrete  along  the  length  of  the  beam,  and 
as  the  maximum  moment  for  the  continuous  beam  for  a  uniform 
load  is  approximately  only  two-thirds  of  that  for  the  simple  beam 
(calculating  for  an  intermediate  span),  the  continuous  construction 
should   result   in   a  material  saving  in   concrete. 

Considering  now  the  steel  reinforcement:  The  moment  at  the 
support  is  double  that  at  the  center  of  the  span,  and  of  the  opposite 
sign.  Now,  the  rods  are  rolled  of  constant  section,  and,  if  they  are 
carried  from  the  tension  flange  at  the  center  to  the  tension  flange 
at  the  support  and  lapped  into  the  next  beam,  there  would  be  re- 
quired, approximately,  one-third  the  section  for  half  the  length  and 
two-thirds  the  section  for  the  remainder  that  would  be  required  for 
the  simple  beam  construction,  or  half  the  metal  required  in  the 
simple  beam  with  constant  section  of  reinforcement.  With  this 
arrangement,  there  is  the  condition  that  the  maximum  flange  rein- 
forcement is  required  at  the  point  of  maximum  shear,  that  the 
moment  decreases  rapidly  from  the  support  toward  the  point  of 
contra-flexure,  allowing  this  main  reinforcement  to  drop  sharply 
downward  without  weakening  the  construction,  thus  placing  the 
main  section  of  metal  in  a  position  to  carry  the  entire  shearing 
strain,  without  counting  on  the  concrete  or  depending  on  the  ques- 
tionable amount  of  adhesion  that  may  be  obtained  between  the  con- 
crete and  small  and  stubby  web  members. 

This  simple  bend  in  the  bars  gives  them  an  anchorage  in  the 
concrete  which,  from  the  writer's  experience,  appears  to  discount 
any  form  of  nicked-section  mechanical  bond  yet  invented. 

Owing  to  the  fact  that  the  moment  at  the  center  is  only  half 
that  at  the  support,  the  question  of  reducing  the  concrete  further  by 
reinforcement  of  both  flanges  at  the  support,  for  part  of  the  length 
only,  should  be  considered,  if  the  economic  theory  be  complete. 
This  method  is  followed  by  the  writer. 

Bad  work,  in  one  instance,  executed  by  an  incompetent  contractor, 
on  a  footing,  gave  the  writer  an  opportunity  of  judging  the  amount 
of  distortion  a  connection  of  this  character  would  stand,  and  he  was 
not  a  little  surprised  to  be  forced  to  conclude  that  it  could  stand,  if 
anything,  as  great  an  amount  of  distortion,  without  material  in- 
jury, as  could  be  expected  from  a  structural  steel  frame  with  stand- 
ard riveted  connections  of  the  web  of  the  beams  to  the  columns. 
Such  reinforcement  is  more  satisfactory  from  the  standpoint  of  re- 
sistance to  lateral  or  vibratory  forces. 
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Mr.  Turner.  The  fewer  joints  there  are  in  the  concrete,  the  more  uniform  it 
is  in  strength;  and  any  method  of  placing  it  piecemeal,  as  observed 
by  the  author  to  be  done  frequently,  cannot  be  too  strongly  con- 
demned. The  cement  is  that  part  of  the  composite  material  which 
gives  it  its  strength,  and,  to  the  largest  extent,  its  fire-proof  prop- 
erties, and  anyone  who  possesses  the  temerity  to  follow  the  author's 
suggestion  of  using  a  cheap  concrete  for  the  lower  half  of  a  beam, 
whether  with  the  attached  web  member  bar  or  any  other,  is,  in  the 
writer's  judgment,  industriously  looking  for  trouble  rather  than 
economy. 

In  conclusion,  it  is  safe  to  assert  that  no  one  has  a  higher  respect 
for  true  theoretical  economy  than  the  busy  engineer  of  construction. 
This  brand  of  theoretical  economy  is  attainable,  and  is  based  on  a 
complete  and  accurate  statement  of  all  the  facts  entering  into  the 
problem.  That  brand  which  is  not  attainable,  he  immediately  con- 
cludes, is  based  either  on  an  incomplete  and  defective  statement  of 
the  conditions  of  the  problem,  or  on  inadmissible  assumptions  re- 
garding them. 
Mr  Jonson.  Ernst  F.  Jonson,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — There 
is  one  point  in  Mr.  Sewell's  paper  to  which  the  writer  begs  to  call 
attention  as  not  being  quite  correct. 

The  author  takes  the  depth  of  the  axis  of  the  horizontal  rein- 
forcement below  the  top  of  the  beam  as  a  basis  for  his  shear  com- 
putation, instead  of  the  depth  of  that  axis  below  the  resultant  or 
centroid  of  the  compressive  forces. 

The  following  proposition  is  true  of  all  beams: 
The  total  shear  on  any  one  cross-section  of  a  beam  is  equal  to  the 
average  unit  shear  at  the  neutral  axis,  multiplied  by  the  width  of 
the  beam  at  the  neutral  axis,  multiplied  by  the  distance  between 
the  resultant  of  the  compressive  forces  due  to  the  bending  moment 
and  that  of  the  tensile  ones. 

S  =  s  h  f. 
Where  S  =  the  total  shear  on  the  cross-section ; 

s  =  the  average  unit  shear  at  the  neutral  axis; 
6  =  the  width  of  the  beam  at  the  neutral  axis;  and 
f  =  the  distance  between  the  resultants  of  the  compressive 
and  tensile  forces. 
The  demonstration  of  this  proposition  is  as  follows : 

Let   p  =  the   longitudinal   unit   stress   due   to   the   bending 
moment ; 
B  =  the   resultant   of  this   stress   on   each  side   of   the 

neutral  axis; 
M  =  the  bending  moment;  and 
a  ==  the  distance  from  the  neutral  axis  to  the  extreme 
fiber. 
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It  is  known  that  the  shear  at  the  neutral  axis  is  equal  to  the  first  Mr.  Jonsou. 
differential  coefficient  of  the  total   longitudinal  stress   due   to   the 
bending  moment  on  one  side  of  the  neutral  axis. 

J  ^  dxdz (I) 

Hence, 

s  &  =  ^^^ (II) 

It  is  also  known  that  the  total  shear  on  the  cross-section  is  equal 
to  the  first  differential  coefficient  of  the  bending  moment. 

S='^ (Ill) 

And,  since  M  =  BJ, 

dM      fdB 


Hence, 


,      -     ,      (lY) 

dy  dy  ^      ^ 

SJ4^ (V) 

dy  ^    ^ 

By  substitution,  according  to  Equation  II, 

S  =  sbf (YI) 

The  formula  for  the  maximum  unit  shear  in  a  reinforced  concrete 
beam  will  then  be: 

>  =  ^ <^") 

And  the  formula  for  the  stress,  t,  on  the  45°  diagonal  reinforce- 
ment in  one  unit  of  length  will  be: 

t  =  -^ (YIII) 

It  seems  to  the  writer  that  a  sharp  bend  at  the  junction  of  the 
diagonal  and  longitudinal  reinforcements  should  be  avoided,  as  it 
tends  to  produce  an  excessive  compressive  stress  in  the  concrete  at 
that  point ;  and  that  a  round  bend  would  be  better.  If  1  000  lb.  is 
allowed  on  the  concrete  and  16  000  lb.  on  the  steel,  the  radius  of  this 
bend  would  be,  approximately, 

,.  =  1M (IX) 

n 

Where  A  =  the  area  of  the  diagonal  and  n  =  the  width  of  the 
same.     For  round  rods,  this  would  make  about 

r  =  10  d (X) 

Where  d  =  the  diameter  of  the  rod. 

In  this  case,  however,  the  stress  in  the  diagonal  would  be  about 
40%  greater  at  the  lower  end  of  the  bend  than  at  its  upper  end,  so 
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Mr.  jonson.  that,  instead  of  Equation  VIII,  the  following  formula  would  ex- 
press the  stress  in  the  45°  diagonal  reinforcement  in  one  unit  of 
length : 

'  =  / <^" 

Mr.  Wason.  LEONARD  C.  Wason,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer 
was  considering  the  submission  of  a  paper  intended  to  draw  out  a 
discussion  leading  to  the  adoption  of  a  simple  formula  for  general 
use  in  designing  reinforced  concrete  beams,  when  Captain  Sewell's 
paper  appeared,  therefore  this  discussion  is  submitted  partly  as  a 
discussion  of  his  paper,  instead  of  as  an  independent  paper.  Its 
object  is  to  show  that  sufficient  data  are  now  available  to  determine 
an  accurate  formula  (accurate  within  allowable  limits  of  variation) 
for  general  use  in  designing  beams  of  rectangular  or  T -section, 
and  to  emphasize  the  fact  that  the  best  results  are  obtained  by  solv- 
ing for  the  working  instead  of  the  ultimate  strength.  Therefore  this 
is  not  exclusively  a  discussion  of  Captain  Sewell's  paper.  It  is 
hoped  that  all  those  whose  formulas  are  compared  herein,  and  many 
others,  will  contribute  to  the  discussion.  There  are  probably  at 
least  ten  formulas  in  use  besides  those  mentioned.  The  writer  has 
discussed  the  subject  chiefly  from  its  commercial  aspect,  and  has 
purposely  omitted  the  more  technical  points  relating  to  the  dis- 
agreement in  results,  leaving  these  to  be  discussed  by  the  pro- 
fessors, who  are  much  better  able  to  do  so. 

The  need  of  a  generally  accepted  method  has  been  forced  upon 
the  writer  through  competition.  In  several  cases  where  architects 
have  specified  spans  and  floor  loads,  and  have  left  the  design  en- 
tirely open  to  the  bidders,  work  has  been  lost  because  competitors 
have  put  in  lighter  designs.  In  other  cases,  where  a  bid  has  been 
submitted,  accompanied  by  plans,  and,  later,  the  designs  have  been 
submitted  for  review  by  a  consulting  engineer,  the  cost  has  been 
increased  by  more  than  10%,  due  solely  to  a  difference  in  the  for- 
mulas. By  reference  to  Table  2,  a  summary  table  of  comparison, 
it  will  be  seen  that  if  the  work  had  been  designed  by  the  method 
proposed  by  the  writer,  and  submitted  to  an  engineer  to  be  checked 
by  the  author's  formula,  the  cost  would  have  been  appreciably  in- 
creased, because  of  the  much  lower  moment  of  resistance  for  the 
same  section  of  beam.  Yet  structures  costing  many  millions  of 
dollars  have  been  designed  by  the  formula  proposed,  competition  has 
proved  it  economical,  and  the  experience  of  fifteen  years  has  proved 
it  to  be  safe.  There  is  a  general  and  simple  method  for  designing 
wooden  and  steel  beams;  why  should  there  not  be  one  for  rein- 
forced concrete? 

The  general  form  of  formulas,  Equation  0,  of  Captain  Sewell's 
paper,  M  =  u  d  A  f,  is  correct.  The  only  factor  about  which  there 
can  be  much  discussion  is  the  value  of  u. 
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The    formulas    which    follow — proposed    by    nine    writers — -are  Bir.  Wason, 
based  on  different  assumptions,  all  of  which,  from  certain  experi- 
ments, appear  to  have  solid  foundations.     All  are  based  on  the  same 
fundamental  conditions,  namely : 

1. — All  tension  is  carried  by  the  steel; 

2. — All  compression  is  carried  by  the  concrete; 

3. — There  is  a  perfect  bond  or  union  between  the  steel  and 

concrete  within  the  limits  of  the  stresses  used; 
4. — The  effects  of  shear  are  omitted,   and  failure  is  due  to 

flexure  only; 
5. — There  are  no  initial  strains,  and  the  same  examples  solved 
by  each,  using  the  same  constants,  ought  to  give  re- 
sults directly  comparable. 
The  formulas  of  various  writers  are  reduced  to  the  same  general 
form,  and  two  examples  (one  a  beam  and  the  other  a  slab)  are  solved, 
first,  using  the  same  constants  for  all ;  secondly,  using  the  constants 
proposed  by  each  individual  writer.     The  results  are  summarized  in 
Table  2. 

Assume  a  rectangular  beam :  span,  14  ft. ;  width,  12  in. ;  depth  to 
center  of  reinforcement,  12  in.;  total  depth,  13 J  in.  Find  the  maxi- 
mum moment  of  resistance,  load  uniformly  distributed,  area  of  steel, 
and  neutral  axis. 

Assume,  also,  a  flat  slab :  span,  8  ft. ;  width,  12  in. ;  depth,  4J  in. ; 
depth  to  center  of  reinforcement,  4  in.  Find  the  ultimate  moment 
of  resistance,  load,  area  of  steel,  and  position  of  neutral  axis. 

Values  of  Constants,,  and  Definition  of  Symbols. 

Broken-stone  concrete.     Mixture  1:3:6.     Age  30  days. 

Eg  =  E^    =  modulus  at  working  stress 3  000  000 

-2J,.  =  modulus  of  steel 30  000  000 

c     =  ultimate  compression  in  concrete 2  000 

t     =  ultimate  tension  in  concrete 200 

/     =  elastic  limit  of  steel 50  000 

Ji   =  working  stress  in  steel 16  000 

c^   =  working  stress  in  concrete  compression .  . .  500 

M  =  moment  of  resistance  of  section  of  beam,  in  inch-pounds; 

W  =  total  uniformly  distributed  load  on  beam,  in  pounds; 

E^  ■=  modulus  of  elasticity  of  steel; 

E^  =        "  "         "  "  concrete  in  compression; 

E,  =         "  "         "  "         "  "  tension; 

f     =  fiber  stress  in  steel,  in  pounds  tension  per  unit  of  area; 

c     =  compression  in  outer  fiber  of  concrete,  in  pounds  per  unit  of 

area; 
i     =  tension  in  outer  fiber  of  concrete,  in  pounds  per  unit  of  area; 
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Mr.  Wason.  A  =  area  of  steel,  in  square  inches ; 

p   =  ratio  of  area  of  steel  to  cross-section  of  beam. 

e;       ■  ^ 

h,  d,  h,  X,  y,  V,  e,  see  Fig.  13; 
2  and  u  are  ratios  of  d  or  h; 
I   =  span  of  beam,  in  inches; 

V  =  distance  from  top  of  beam  to  center  of  gravity  of  compressive 
stresses. 


Fig.  13. 

1. — The  formula  proposed  by  the  vn:'iter  is  quite  simple,  and  ex- 
l^erience  has  proved  that  structures  designed  by  it  will  carry  their 
calculated  load  with  the  desired  factor  of  safety.  It  assumes  the 
neutral  axis  half  way  from  the  top  of  the  beam  to  the  center  of  the 
steel,  and  the  center  of  gravity  of  the  compressive  stress  at  one- 
third  of  the  depth  from  the  top  to  the  neutral  axis ;  the  compression 
area  is  confined  to  the  upper  third  of  the  beam.  The  elastic  theory 
is  involved  by  the  values  selected  for  the  working  stresses  of  the 
steel  and  concrete,  and  by  seeing  that  the  areas  of  each  are  sufficient 
for  the  stresses  used.* 

h  d  c 


A 


M 


6 


d/A- 


External  moment,  load  uniformly  distributed  =  —- — 


f 


Therefore 

_  wi 

"  M~d 


,  for  a  beam  supported  at  its  ends  and  uniformly  loaded. 


In  any  given  case,  the  load  and  span  are  known.  Select  a  con- 
venient tigure  for  the  depth  of  the  beam  or  the  stress  in  the  steely 
and  solve  for  the  other  unknown  quantity. 

*Forafull  demonstration  see  Transactions,  Am.  See.  C.  E.,  Vol.  XL VI,  1901,  p.  103; 
or  Engineering  Record,  September  21st,  1901,  p.  27i!. 
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Example  of  Beam:  ,  Mr.  Wason. 

h  d  c,       12  X  12  X  500       ,  ^ 
^  =  -3X  3  X  16  000     =  ^-^  '^-  "^-^ 

3f  =  ^'  d/A  =  '^   X  12  X  50  000  X  1.5  =  750  000; 
b  b 

750000  XH_ 

14  X  12 

Example  of  Slab: 

^  12  X  4  X  500  ^      ^. 
~     3  X  16  000     ~     ■■'' 

Jif  =  J  X  4  X  50  000  X  0.5  =  83  333; 
6 

W=G  944. 
There  is  no  change  in  constants  necessary. 

2. — W.  K.  Hatt,  Assoc.  M.  Am.  Soc.  C.  E.,  has  evolved  an  elab- 
orate formula  for  flexure.*  In  the  form  here  given,  it  applies  to 
rectangular  beams  which  do  not  fail  by  shearing.  The  stresses  in 
the  concrete  are  assumed  to  follow  a  parabolic  curve.  The  formula 
gives  the  load  at  the  first  visible  crack  in  the  concrete  on  the  tension 
side.  This  load,  according  to  tests  by  Professor  Hatt,  is  about  20% 
less  than  that  of  ultimate  failure. 

Let  h  z  =^  the  distance  from  the  compression  face  to  the  neutral 
axis; 
h  It  =  the  distance  from  the  compression  face  to  the  center 

of  gravity  of  the  reinforcement; 
p      =  the  ratio  of  the  area  of  the  steel  to  that  of  the  total 

cross-section  of  the  beam; 
f      =  stress  at  the  elastic  limit  of  the  steel. 
p  and  u  are  in  the  control  of  the  designer ;  n  is  fixed  for  the  given 
materials  and  working  stresses. 

After  a  crack  has  formed,  the  neutral  axis  is  located  by  the  for- 
mula : 

2  E 

. Z^  =z  p  —^  (u  —  x) ' 


M 


?>/i'[^     Cz2  +   p/(«    _2)J; 


or,  in  a  simpler  form,  where  the  expression  in  the  bracket  is  repre- 
sented by  the  constant,  K, 

M  =  'bh^  K. 

*  Engineering  Neivs,  February  27th  and  July  27th,  1903;  and  Journal  of  the  Western 
Society  of  Engineers,  June,  1904. 
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Mr.  Wason.  For  given  conditions,  a  table  is  made  for  K,  in  order  to  simplify 
the  application  of  the  formula;  or  diagrams  of  the  equation  may  be 
made  and  used.  Professor  Hatt  states  that,  in  his  judgment,  one- 
third  of  the  amount  at  the  first  crack  is  the  safe  working  moment 
of  resistance.  This  would  give  a  factor  of  safety,  on  the  ultimate 
strength,  of  about  3|. 


Example  of  Beam 


A  A    ^ 

«  =  _  =  — =  0.0092  : 

^        hh       12  X  13.0 


A  (assumed)  =    1.5  sq.  in.  ; 

H  =  J^  =0.9; 
13.5 

3  000  000    _  ^, 


200 -tW 

A.^^  0.0092 -^QQQQQ^Q  (0.9-.); 
3  3  000  000    ^  ^  ' 

z  =  0.29  ; 

_  3  X  0.0092  X  50  000  ^  g  379  • 

2  X  0.29  '     ' 

M=  12  X  13.5=^  [-|-  X  2  379  X  O.292  -f  0.0092  X  50  000  (0.9  —  0.29)J 

=  795  959  ; 

W  =  '^^^^^^^  =  37  906  ; 
14  X  12 

7(2  rr  3.93. 
Example  of  Slab  : 

A  (assumed)  =:  0.5  ;    p,  u  and  z,  same  as  above  ; 
Jf=88  440; 
Tr=7  370. 
Professor  Hatt's  constants  : 

i;^  =  4  130  000  ;    n  =  16  ;     0  =  250. 
Then  z  =  0..345,    and     c  =  2  000. 

Beam  :         M  =  775  226  ; 

W  =  36  915. 
Slab  :  Jf  =  86  136  ; 

W=  7  178. 
S, — Edwin  Thacher,  M.  Am.  Soc.  C.  E.,  proposes  the  following 
formula.*     In  the  form  here  given,  it  is  modified  to  apply  to  any 
wddth,  5,  of  beam  instead  of  a  beam  1  in.  wide. 

Let/  =  the  stress  per  square  inch  on  the  steel,  the  gross  area  =; 
the   ultimate   strength   per   square   inch  of   the   test  piece   +  lO^'; 
*  Transactions,  Assoc,  of  C.  E.  of  Cornell  Univ.,  for  1903. 
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E^  =  the  modulus   under  a   pressure   of  from   1  000  to  2  000  lb.  per  Mr.  Wason. 
sq.  in.; 

x=^  d  —  y  ; 

d  h 


A  = 


24/'r-E',    ^  n 


for  a  load  uniformly  distributed. 

To  design  a  beam,  assume  values  of  /,  E^,  E^,  c,  h  and  d.  For 
other  systems  of  loading  or  of  support,  the  coefficients  in  the  equations 
for  M  and  TT,  outside  the  bracket,  would  change. 

Example  of  Beam  : 

^ 12 —  8  r7  • 

^        2  000       30  OOP  000        ^  ~    ''^'  ' 

50  000       3  000  000 
a;  ^  3.43. 

A  = 1^212^ =0.82; 

r50  000      (50  000)2      3000000 -| 

L2  000  2  000         30  000  OOoJ 

_  50  000       [-3  000  000  x  M^'  V  1^  4-  3  X  0  82  X  S  5?! 
Jf 3—  X  j_3^  ^^^  j^^^^^  X    g  .^-  X  12  +  o  X  0.82  X  8.57J 

=  445  499  ; 
W=21  214. 
Example  of  Slab  : 
y  =  2.86  ;     x  =  1.14  ;     A  =  0.274  ;     3f  =  49  500  ;     TF  =  4  125. 
Mr.  Thacher's  units: 
Factor  of  safety,  3^*. 

E^  =  l  220  000;  c  =  2  050;  /  =  64  000  +  10%; 

,         &  cZ        12  X  12       ^  ^„.3 
Beam:  ^^  ^  ^^  =  -^65"  =  0-^'3; 

M  =  30.62  d^  X  12.  X  12  =  634  936; 

W=  30  235; 

12 

y  =  ^ =  7.01; 

^        2  050        30  000  000       ^ 

70  400        1  220  000  "^ 

X  =  4.99; 

Slab:  A  =  0.291;  y  =  2.33;  x  =  1.67;  Jf  =  70  548;  TF  =  5  879. 
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Mr.  Wason.  If. — William  11.  Burr,  M.  Am.  Soc.  C.  E.,  gives  these  formulas* 
for  rectangular  beams  for  the  special  case  where  the  tension  in  the 
concrete  is  neglected  and  the  steel  is  on  the  tension  side  only: 

X  =  -  ^  ±  j7E?y%:i?^7=  ^^  X  ^lllli^c  =  34  920; 

r.2 


,^  r6  ar      E^.  .^  A    , -,  ^o 


Example  of  Beam: 
A  (assumed)  =  1.5; 
30  000  000  X  1..' 


±  \/l-2-5^  +  2  X  1.25  X  12  =  4.37; 


3  000  000  X  12 

[2  X  4.372  ,  30  000  000  X  1.5 


M  =  2  000  r^'  ^  '•'"  +  30  000  000X1.5   _  ^  3  .l  ^  ^^^  180; 
L    3      3  000  000  X  4.37  ^       ^  J 


W=  26  294. 

Example  of  Slab: 
A  (assumed)  =  0. 


a;  =:  —  0.417  ±  V  0.4172  +  2  X  0.417  X  4  =  1.45; 
Jf  =  61  640; 
W  =  5  137. 
Professor  Burr's  units  : 

c  =  3  100. 
Beam  :      x  =  4.38  ;     M  =.  855  879  ;     TT  =  40  756. 
Slab  :         a;  =  1.45  ;     M^    95  480  ;     IF  =    7  957. 
5. — A.  L.  Johnson,  M.  Am.  Soc.  C.  E.,  proposes  the  following  : 
/  =  elastic  limit  of  the  steel ; 
2/^. 


y  = 

3'ci^/'     -  +  2/       . 

1; 

A  = 

75  ch  X  ^ 
120/    ' 

M  = 

f^{y  +  'i). 

Example 

'■  of  Beam  : 

y  ■- 

2  X  50  000  X  3  000  000 
3X2  000  X  30  000  000  ^ 

=  1.67  x; 

X 

+  y 

X 

y 

=  12; 
=  4.50 
=  7.50 

5 

1 

A 

75  X  2  000  X  12  X  4.5  _ 
120  X  50  000 

1.35  ; 

*  "  The  Elasticity  and  Resistance  of  tlie  Materials  of  Engineering,"  1903  edition. 
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2  X  4.5' 


3f  =  50  000  X  1.35  flSyO  + 
W  =  33  750. 


0  = 


=  708  750  ; 


Mr.  Wason. 


Example  of  Slab  : 

y  =  2.5;     X  =  1.5  ;     A  —  0.45  ; 
Jf  =  78  750  ;     W  =  Q>  563. 
Mr.  Johnson's  units  : 
E^  =  29  000  000  ;     ?/  =  1.72  x  ;     x  =  4.41  ;     A  =  0.0195  hx=  1.32  ; 
Jf  =  2  760  6  x2  =  641  850  ;     TT  =  30  564. 
Slah  :         X  =  1.47  ;     A  =  0.34  ;     Jf  =   71  280  ;     IT  =  5  940. 
6. — J.  Kahn,  Assoc.  M.  Am.  Soc,  C.  E.,  uses  a  compressive  area 
different  from  that  used  by  any  other  writer.     See  Fig.  14. 
/=   the  ultimate  tensile  stress  in  the  steel ; 
15  J.  +  6  d? 


y 

M 


SO  A  -\-2hd  ' 


b  should  never  be  less  than 


Af 


1  800  x 


Example  of  Beamti 


y 


15  X  1.5  +  12  X  12^ 


30  X  1.5  +  2  X  12  X  12 
A  (assumed)  =  1.5  ; 


=  5.26  ; 


3/  —  50  000  X  1.5  (I  X  6.74  +  5.26^   =  7 


Fig.   14. 


10  250; 


TF=33  821. 

Example  of  Slab  : 

A  (assumed)  =  0.5  ;     y  =  1.80  ;     iJf  =  79  375  ;     W  =:  6  614. 

Mr.  Kahn's  units  : 

E^  =  2  000  000  ;     c  =  3  000  ;    /  =  64  000  ; 

A  (assumed)  =:  1.5  ;     y  =  5.26  ; 

Jf  =  64  000  X  1.5  el  X  6.74  +  5.2Q\  —  909  120  ; 

W  =  is  291. 
Slab:        ?/  =  1.80;     i»f  =  101  600  ;     17=8  467. 
7. — A.  N.  Talbot,  M.  Am.  Soc.  C.  E.,  proposes  the  following,* 
which  is  the  special  case  for  the  ultimate  deformation  of  concrete  : 

Let  p  =  —  =  ratio  of  area  of  metal   reinforcement  to  area  of 
b  d 

concrete  above  center  of  reinforcement  ; 

*  Engineering  Record,  August  13th,  1904 ;  and  Journal  of  Western  Society  of  En- 
gineers, August,  1904. 
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Mr.  Wason.  ^     I  2  p  n~     p^  ^2  p  ^ 


+ 


(1  -  iX' 


8 


M=Aj(d—  V). 
The  solution  of  the  values  of  z  and  V  for  smaller  stresses  than  the 
ultimate  is  somewhat  complicated.     However,  using  the  values  of  z 
obtained  by  tests  of  1:3:6  concrete  beams,  the  formula  becomes: 
M  =  Af  (0.906  —  6.5 p)  d. 
This  is  a  simple  and  convenient  form  to  use. 

Example  of  Beam: 

A  (assumed)  =  l.o; 

1  5 

p  =  — =  0.01; 

-^        12  X  12 

30  000  000       ,  „ 

n  ^^  =  10; 

3  000  000 


2  X  0.01  X  10  .    0.012  X  102       0.01  X  10  ^  Q  ^^g. 


2  "^  2  2_ 

3  33' 

F  =  ^-  X  0.418  X  12  =  1.88; 

M  =  1.5  X  50  000  X  (12  —  1.88)  =  759  000; 
TF  =  36  143. 

Example  oj  Slab: 

F=0.63; 

Jf  =  84  325; 

TF=7  027. 
Professor  Talbot's  units: 

E^  =  initial   modulus   average,   2  000  000;    n  =  15;    z  =  0.482; 
F  =  2.17;  M  =  1.5  X  50  000  X  9.83  =  737  250;  W  =  35  107. 
Slab:   V  =  0.72;  Jf  =  82  000;  TF  =  6  833. 

.?.— John  S.  Sewell,  M.  Am.  Soc.  C.  E. 
x-\-y  =  d; 

Cj  E^    ' 

^        0.8  c  E^    ' 
It  =  0.64  +  tj. 
Let  Cj  =  0.8  c; 

X—  V  =  0.64  x; 
area  under  curve  =  0.57  q  x  =  0.456  c  x; 
0.465  bcx  =  Af; 

Jtf  =  0.456  X  0.64  6  ca^  +  ^/(/  =  0.292  bcoi^-\-  Afy. 
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Example  of  Beam 

50  000  X  3  000  000 

y  = 


Mr.  Wason. 


0.8  X  2  000  X  30  000  000 
X  =  2.91  ;     y  =  9.09  ;     u  =  10.95  ; 
0.450  X  12  X  2  000  X  2.91 


X  =  3.125  X  ; 


A  = 


=  0.637  ; 


50  000 

M  =  0.292  X  12  X  2  000  X  2.912  +  0.637  X  50  0000  X  9.09  =  348  800  ; 
Tr=  16  612. 

Example  of  Slab  : 
X  =  0.97  ;     y  =  3.03  ;     A  =  0.212  ;     u  =  3.65  ; 

M  =  0.292  X  12  X  2  000  X  0.97^  +  0.212  X  50  000  X  3.03  =  38  700  ; 
TF=3  225. 


y  = 


A  = 


Captain  Se well's  units  : 

/  =  45  000  ;     c  =  2  500  ; 

Beam  : 

45  000  X  1 


E^ 


1 
15" 


0.8  X  2  500  X  15 

0.456  X  12  X  2  500  X  4.8 


1 .5  X  ;     X  -  4.8  ;     2/  =  7.2  ;     u  =  10.27  ; 


=  1.46; 


45  000 

M  =  0.292  X  12  X  2  500  X  4.8^  +  1.46  X^45  000  X  7.2  =  674  870  ; 
W  =32  137. 

Slab  : 
a;  =  1.6  ;     2/  =  2.4  ;     A  =  0.486  ;     u  =  3.42  ; 

M  =  0.292  X  12  X  2  500  X  1.6^  +  0.486  X  45  000  X  2.4  =  74  914  ; 
W=Q  243. 

9. — Mr.  F.  J).  Warren  has  written  a  liandbook  *  on  reinforced 
concrete,  in  which  there  are  a  great  many  tables.  In  order  to  deter- 
mine their  value,  the  formulas  based  on  the  method  of  the  late 
J.  B.  Johnson,  M.  Am.  Soc.  C.  E.,  published  in  Engineering  News 
in  1895,  is  submitted  for  review.  An  area  of  concrete  equal  to  ten 
times  the  area  of  the  steel  is  put  in  the  same  plane.  The  moment  of 
inertia  of  this  section  is  found,  and  the  location  of  the 
neutral  axis. 
E^ 


E„ 


=  10; 


Mg  =  working  moment,  factor  of  safety,  3^;  Fig.  15. 

Preliminary  step  to  find  stress  in 
compression  in  concrete;  with 
factor  of  safety  of  3.5  and  c  = 
3  000. 

♦  "A  Handbook  on  Reinforced  Concrete,"  pp.  78-81. 


500 


Ibd^ 
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Mr.  Wason. 


fx 


A  h' 


Preliminary  step  to  find  area  of 
steel;  neutral  axis  assumed  to 
be  from  1.5  to  2.0  in.  below 
the  center  of  gravity  of  the 
section. 


Transpose  this  area  of  steel  into  an  area  of  concrete,  and  solve  for 
the  moment  of  inertia  and  the  position  of  the  neutral  axis,  neglecting 
the  area  of  the  concrete  below  the  plane  of  the  steel.  If  the  neutral  axis 
differs  materially  from  1.5  to  2.0  below  the  center  of  gravity,  use  this 

M 

value  to  determine  h  in  the  formula,  — ^  =  A  h,  and  with  the  new 

/i 
value  again  solve  for  A.      Then  check  the  fiber  stress  of  the  con- 
crete in  compression. 
Example  of  Beam : 

M^  =  83.33  h  g?  =  83.33  X  12  X  12^  =  144  000,  working  load; 
M  =  144  000  X  3.5  =  504  000,  ultimate  load; 

t  ~    y  ' 

y  (assumed)  =  4.5; 

504  000 


fy      50  000  X  4.5 
Assume  1-in.  bars. 


r 

mi 


=  2.24. 


Fig.  16. 


y  =  lBH—h{B  —  b)2=l-BH'-  —  h{B  —  b)  (H  — |); 
y  =  [34.4  X  12.5  —  11.5  (34.4  —  12)] 
=  0.5  X  34.4  X  12.5- —  11.5  (34.4 

748.7 


11.5 
12)  (12.5-:^'); 


y  = 


172.4 


=  4..34  ; 


X  ^=  8.16,  or  2.16  below  the  central  axis; 
I  =    "^  C^^       +  12  X  12  X  2.16^  =  2  400; 


I 

X 

_2  400 
8.16 

294; 

c 

504  000 
294 

=  1 

714; 

A 

M 

504  000 

__  9  q9 

J  y      50  000  X  4.34 
Example  of  Slab: 

M  =  83.33  X  3.5  X  12  X  4^  =  56  000; 
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;-)«  000  „  -.  Mr.  Wason. 

O./o; 


50  000  X  1.5 
y  (assumed)  =  1.5. 
Assume  ^-in.  bars. 
y  =  19.5  X  4.25  —  3.75  (19.5  —  12) 

=  0.5  X  19.5  X  4.252  —  3.75  (19.5  —  12)  ^.25  —  ^^  ; 

109.7        ,  ,,^ 

y  =  — =  2.00; 

^       54.88 

a;  =  2.25,  or  0.25  below  tbe  central  axis: 
I  =  ^-^^^  +  12  X  4  X  0.252  =  68.0; 

-  =  30.7; 

X 

.  56  000  ^  .,. 

A.  =  ^=  0.00. 

50  000  X  2.0 

F.  D.  Warren's  constants: 

Beam:  c  =  3  000;  /  =  53  000;  j^  =  15  000. 

Factor  of  safety  =  3.5. 

Jf„  =  125  h  d^; 

M  =  125  b  d^  X  3.5  =  125  X  12-'  X  12  X  3.5  =  756  000; 

A  =  ^=.     ^'^'^  ^^^     =  3.57;  y  (assumed)  =  4;  1-in.  bars  assumed. 
/  ?/       53  000  X  4  '  -^  ^  ^ 

y  =  47.7  X  12.5  —  11.5  (47.7  —  12) 

=  0.5  X  47.7  X  12.52  —  11.5  (47.7  —  12)  (l2.o  —   lil^)  ; 

955.3       -  ,  , 
^==18577  =  '^-^^' 
X  =  7.36,  or  1.36  below  the  central  axis  ; 

I  =  ^^  ^  ^'^^  ^  12  X  12  X  1.362  =  1  994.6  ; 
12 

i  =  271  ; 

X 

756  000       .^  „^^ 

c  = =  2  <  90  ; 

271 

756  000        ^  2  78 


53  000  X  5.14 

Slab: 

M  =  125  X  12  X  42  X  3.5  =  84  000  ; 

84  000 
A  = 


-^^—^  =  0.906  ; 
X1.75 


53  000 
y  (assumed)  =  1.75  ; 
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y  =  [21  X  4.25  —  3.75  (21  —  12)] 

=  O.o  X  21  X  4.252  —  3.75  (21  —  12)  (4.25  —  -^)  ; 

109.6       ,  ^ 
^=^5:5^1-^^' 
X  ^  2.27,  or  0.27  below  the  central  axis; 

_  84  OOP  —  r^on 

^  53  000  X  19.8  ~ 

An  examination  of  the  results  in  Table  2  will  show  that  in  three 
of  the  nine  there  is  a  fairly  close  agreement  with  each  other,  whether 
with  the  use  of  the  same  constants  for  all,  or  the  constants  recom- 
mended by  each  author,  although  the  assumptions  of  each  are  quite 
different.  The  three  which  agi-ee  fairly  well  are:  Wason,  Hatt,  and 
Talbot.  These  three,  then,  would  appear  to  be  the  most  general  in 
character,  and  the  writer's  method  gives  the  safest  result  with  the 
same  constants.  Professor  Talbot's  analysis  appears  to  be  the  most 
rational  solution  of  the  problem,  from  a  profoundly  scientific  stand- 
point. 

Without  doubt,  the  stress  diagram  of  the  concrete  in  compression 
is  a  curve  somewhat  resembling  a  parabola.  No  allowance  for  ten- 
sion of  concrete  should  be  made.  There  seems  to  be,  among  many 
writers,  a  lack  of  appreciation  of  the  fact  that  results  obtained  by 
solving  for  the  ultimate  strength  of  a  reinforced  concrete  beam,  then 
dividing  by  a  given  factor  of  safety,  or  using  the  corresponding 
working  stresses  to  solve  for  the  working  strength  of  a  beam,  do  not 
give  the  same  results  or  results  which  can  be  compared.  To  illus- 
trate: Take  the  beam  previously  considered,  and  the  ultimate 
strength  of  the  concrete  as  the  force,  instead  of  the  area  of  the 
steel,  with  the  parabolic  treatment  of  the  compression,  and  the 
neutral  axis  at  one-half  the  depth  to  the  center  of  the  reinforeem.ent. 


Then,  arm  of  ultimate  moment  =  '    x  ^  ^^  +  .    ci  =  0.8125  d  ; 

8        2  2 

5  1 

compressive  force  of  concrete  ^  .   c  X  ,-,  d  b  =  0.3125  c  d  i 

M  =  0.254  c  d^h  =  0.254  X  2  000  X  12  X  12"  =  877  824; 


M=  working  moment; 

M„  =  219  456. 

If  we  use  an  outside  fiber  stress  of  one-quarter  of   the  ultimate, 

namely,  c^  =  500,  and  solve  for  the  working  moment  of  resistance  with 

the  triangular,  straight-line  treatment  of   compression  (see  Fig.  17), 

then, 

2        1  1 

Arm  of  working  moment  =      X  ^  d  -\-  ^  d  =:  0.833  d; 
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1      .  1  J  Mr.  Wason. 

compressive  force  of  concrete  =  ^  c*  X  ^^  h  d  =  0.25  c  6  cZ; 

Mo  =  0.208  c^h  d^  =  180  000. 

The  correct  method  is  to  solve  for  the  working  strength.  As- 
suming a  working  compressive  stress  of  one-fourth  the  ultimate,  the 
difference  between  the  straight  line  and  the  parabola  is  negligible, 
and  the  triangular  area  can  be  used,  as  it  is  simpler.  The  vari- 
ation in  the  quality  of  the  best  concrete  will  more  than  offset  the 
refinement  of  retaining  the  curve.  If  the  triangular  area  is  used 
for  ultimate  compression,  the  result  will  be  too  large,  in  the  ratio 
of  ^  to  fV>  or  37i  per  cent.  The  modulus  of  elasticity  is  used  only 
in  finding  the  position  of  the  neutral  axis,  in  order  to  find  the  center 
of  gravity  of  the  compressive  force.  The  position  of  the  neutral  axis 
is  of  very  little  value. 


0 


h--- 

■  c- 

— ^ 

■;^ 

y 

^ 

/ 

y 

A 

y 

'/, 

y 

'A 

1 

V 


^< 


1  stress 

Fig.  17. 


Fig.  18. 


-i-^ 


Fig.  19. 


-i^ 


Fig.  20. 


To  illustrate,  take  two  extreme  cases :  First,  E',.  =  4  500  000 
and  1%  of  steel;  secondly,  E^  =1  250  000  and  2%  of  steel.  Then, 
by  Talbot's  formula :     First  case,  z  =  0.266 ;  second  case,  z  =  0.616. 


Arm  of  moment  =  d  —  r.  ^  ^ 

First  case      "     "        "        =  0.925  d 
Second  case      "      "         "        =  0.795  d 


Mean. 


=  0.86  d 


The  difference  is  0.13  d  or  14  per  cent.  If  a  factor  of  safety  of 
4  is  used  on  the  crushing  strength  of  concrete,  then  the  14%  of 
ultimate  strength  is  only  3i%  of  the  working  strength.  Greater 
differences  are  frequently  found  among  several  test  specimens  made 
from  the  same  batch.  As  the  case  cited  covers  a  wide  range,  from. 
a  rich  mixture  at  an  age  of  several  months,  with  insufiicient  rein- 
forcement, to  a  lean  mixture  at  the  age  of  one  month,  with  an 
excess  of  metal,  with  an  error  negligible  in  common  practice,  it  is 
evident  that  no  change  is  necessary  in  the  formula  for  any  ordinary 
cases  of  construction,  because  they  always  fall  within  these  limits. 
This  adds  greatly  to  the  simplicity  of  making  designs,  and  to  uni- 
versality in  the  use  of  tables. 
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TABLE  2. — Summary  of  Results  Using  the  Same  Constants: 

For  Beams. 


Author. 

Ultimate 

bending 

moment, 

in  pounds. 

Breaking 

load, 
in  pounds. 

Area  of 
steel,  in 
square 
inches. 

Stress  in 

steel,  in 

poimds 

per  square 

inch. 

Distance, 
top  to 
neutial 
axis,  in 
Inches. 

Arm  of 
moment 
of 
resist- 
ance, in 
inches. 

Arm,  as 
percent- 
age of  d. 

Wason 

Hatt 

Thacher 

Burr 

Johnson .... 

Kahn 

Talbot 

Sewell 

Warren 

750  000 
795  939 
445  499 
552  180 
708  750 
710  350 
759  000 
348  860 
504  000 

35  714 

37  906 
21314 

36  394 
33  750 
33  831 
36  143 
16  613 
24  000 

1.5 

1.5 

0.82 

1.50 

1.35 

1.50 

1.50 

0.64 

2.34 

50  000 
50  000 
50  000 
34  920 
50  000 
50  000 
50  000 
50  000 
50  000 

6.00 
3.93 
3.43 
4.37 
4.50 
6.74 
5.03 
2.91 
8.16 

10.00 
10.53 
10.86 
10.54 
10.32 

9.47 
10.13 
10.95 

9.28 

0.833 

9.877 

0.905 

0.878 

0.86 

0.789 

0.843 

0.913 

0.773 

For  Slabs. 


Wason 

83  333 

6  944 

0.5 

50  000 

3.00 

3.33 

0.833 

Hatt 

88  440 

7  370 

0.5 

50  000 

1.31 

3.51 

0.877 

Thacher 

49  500 

4  125 

0.28 

50  000 

1.14 

3.62 

0  905 

Burr 

61  640 

5  137 

0.5 

34  920 

1.45 

3.52 

0.878 

Johnson  

78  750 

6  563 

0.45 

50  000 

1.50 

3.44 

0.86 

Kahn 

79  375 

6  614 

0.5 

50  000 

2.20 

3.18 

0.795 

Talbot 

84  325 

7  027 

0.5 

60  000 

1.07 

3.37 

0.843 

Sewell 

38  706 

3  225 

0.21 

50  000 

0.97 

3.65 

0.913 

Warren 

56  000 

4  667 

0.57 

50  000 

2.25 

3.25 

0.812 

Summary  of  Results  Using  Each  Author's  Constants: 
For  Beams. 


Wason 

750  000 

35  714 

1.5 

50  000 

6. CO 

10.00 

0.833 

Hatt 

775  226 

36  915 

1.5 

50  000 

4.66 

10.25 

0.854 

Thacher .... 

634  936 

30  235 

0.87 

70  400 

4.99 

10.33 

0.861 

Burr 

855  879 

40  756 

1.5 

53  940 

4.38 

10.54 

0.878 

Johnson 

641  850 

30  564 

1.32 

50  000 

4.41 

10.35 

0.863 

Kahn 

909  120 

43  291 

1.5 

64  000 

6.74 

9.47 

0.789 

Talbot 

737  250 

35  107 

1.5 

50  000 

5.78 

9.83 

0.819 

Sewell 

674  870 

32  137 

1.46 

45  000 

4.8 

10.27 

0.856 

Warren  .... 

756  000 

36  000 

2.78 

53  000 

7.36 

9.55 

0.792 

For  Slabs. 


Wason 

83  333 

6  944 

0.5 

50  000 

2.00 

3.33 

0.833 

Hatt 

86  136 

7  178 

0.5 

50  000 

1.55 

3.42 

0.855 

Thacher .... 

70  548 

5  875 

0.29 

70  400 

1.67 

3.44 

0.86 

Burr 

81933 

6  828 

0.5 

53  940 

2.15 

3.38 

0.88 

Johnson 

71280 

5940 

0.34 

50  000 

1.47 

3.45 

0.863 

Kahn 

101  600 

8  467 

0.5 

64  000 

2.20 

3.18 

0.795 

Talbot 

82  000 

6  833 

0.5 

50  000 

1.93 

3.28 

0.82 

Sewell 

74  914 

6  243 

0.49 

45  000 

1.6 

3.42 

0.855 

Warren 

84  000 

7  000 

0.80 

53  000 

3.27 

3.24 

0.810 
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In  a  large  number  of  tests  examined,  the  neutral  axis  for  one-  Mr.  Wason. 
quarter  of  the  ultimate  load  has  been  found  to  be  not  far  from  one- 
half  the  depth  from  the  top  of  the  beam  to  the  center  of  reinforce- 
ment. It  is  sometimes  above  and  sometimes  below.  To  assume  it 
half  way,  agrees  very  closely,  therefore,  with  the  observed  facts. 
With  this  position  and  a  straight-line  distribution  within  the  work- 
ing stress,  the  center  of  gravity  of  the  compressive  stresses  is  two- 
thirds  of  the  distance  up  from  the  neutral  axis  to  the  top  of  the  beam. 

5 
Therefore,  the  arm  of  the  moment  of  resistance  is  „  d  =  0.833  d. 

D 

The  method  of  designing  beams  vsdth  a  T -section  need  not  add 
complications.  The  foregoing  formula  can  be  applied  without  dif- 
ficulty. The  same  value  of  u  can  be  used  as  for  a  rectangular  beam, 
inasmuch  as  the  center  of  gravity  of  the  compressive  forces  for  the 
T-section,  usually,  will  nearly  coincide  with  that  for  the  rectangular 
one,  and  if  it  does  not,  u  will  be  less  than  its  true  value,  therefore 
the  beam  will  be  somewhat  heavier  than  is  necessary.  If  the  depth 
and  size  of  the  steel  are  fixed,  it  is  then  merely  necessary  to  find  a 
sufficient  area  of  concrete  to  balance  this;  or  take  the  maximum 
allowable  width  of  flange,  which  usually  may  be  taken  as  four  times 
the  width  of  the  web,  and  from  the  other  known  dimensions  of  the 
section,  the  area  in  compression  may  be  obtained.  Knowing  the  ratio 
of  the  allowable  working  stresses  in  the  concrete  and  the  steel,  the 
area  of  the  steel  is  fixed.  One  advantage  of  this  formula  is  that  the 
area  of  the  concrete  above  the  neutral  axis  multiplied  by  its  average 
stress  may  be  substituted  for  the  area  of  the  steel. 

.  In  the  writer's  practice,  he  has  never  known  a  case  where  a  floor 
was  composed  of  concrete  leaner  than  1:3:6,  or  richer  than  1:2:4,  , 
and  as  a  designer  will  generally  use  one  mixture  at  all  times,  there 
is  no  complication  by  a  large  number  of  ratios  of  areas  of  steel  to 
concrete,  as  the  percentage  is  a  fixed  amount  determined  entirely 
by  the  working  stress  of  each  material.  In  using  such  a  formula,  it 
is  as  easy  to  check  existing  work  designed  by  others  as  to  design 
new  work  independently  by  it. 

In  using  the  method  proposed  by  Professor  Hatt,  there  are  too 
many  variables  depending  upon  one  another.  The  position  of  the 
neutral  axis  varies  with  the  percentage  of  the  area  of  reinforcement 
to  that  of  the  concrete;  the  ratio  of  moduli  of  elasticity  of  the  two 
materials,  which  in  turn  varies  with  the  mixtures,  age,  and  character 
of  the  cement,  sand  and  stone ;  and  the  stress-strain  curve  differs  for 
each  case.  Moreover,  the  position  of  the  neutral  axis  is  of  little 
consequence.  Its  position  is  not  accurately  known  at  the  ultimate 
strength  of  the  beam,  therefore  the  value  of  c,  corresponding  with  a 
given  f,  is  only  approximate.  The  location  of  the  first  crack  is  also 
too  variable  to  be  a  safe  guide  to  the  proper  working  load.  He  places 
the  steel  too  near  the  bottom  of  the  beam. 
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Mr.  wason.  The  method  proposed  by  Mr.  Thacher  appears  to  be  in  error  in 
finding  the  value  of  A,  which  is  carried  into  the  solution  of  the 
moment  of  resistance.  The  writer  has  never  found  the  percentage 
of  steel  per  inch  of  width  of  beam  useful  in  designing  structures. 

Professor  Burr  places  the  ultimate  strength  of  the  concrete  too 
high,  and  does  not  get  full  efficiency  from  the  steel. 

Mr.  A.  L.  Johnson  stakes  his  reputation  and  his  design  on  the 
fact  that  reinforced  concrete  stretches  more  than  plain  concrete;  to 
quote  hi?  own  words  :* 

"As  stated  in  the  introduction,  this  effect  of  the  embedded  metal 
upon  the  extensibility  of  the  concrete  is  the  quality  upon  which  the 
whole  art  of  steel-concrete  construction  rests.  Fortunately,  it  is  a 
quality  as  to  the  existence  of  which  there  can  be  no  doubt.  The  art 
had  been  a  success  for  many  years  before  science  stepped  in  to  tell 
us  why." 

Mr,  Kahn's  method  the  writer  has  been  unable  to  check  by  any 
of  the  ordinary  principles  of  design,  and  he  sees  no  logical  reason 
for  the  area  used  in  compression. 

Professor  Talbot's  formula  is  the  most  rational  of  any  yet  pro- 
posed, covering  every  point,  and  it  can  be  readily  applied  to  any  de- 
gree of  loading.  It  is  in  the  form  proposed  for  the  universal  for- 
mula. 

Captain  Sewell  bases  his  determination  for  the  position  of  the 
neutral  axis  upon  the  ratio  of  the  moduli  of  elasticity  and  the  work- 
ing stress  of  the  two  materials.  As  these  do  not  vary  proportionally, 
results  based  upon  this  method  are  inaccurate.  Moreover,  with  con- 
crete wherein  the  modulus  and  stress  are  not  proportional,  the  as- 
siunption  that  a  plane  before  bending  is  a  plane  after  bending  is 
open  to  doubt.  He  states  that  the  values  of  c  and  Ec  must  always 
be  those  that  correspond  to  each  other.  The  value  of  c  differs  some- 
what with  different  brands  of  cement,  and,  as  the  designer  does  not 
know  what  brand  will  be  used  in  his  work,  the  correct  ratio  of  c  to 
Ec  may  not  be  used,  and  a  safe  value  for  all  brands  may  not  be 
economical.  The  writer's  study  of  recent  tests  at  the  Watertown 
Arsenal  led  chiefly  to  the  conclusion  that  it  is  best  not  to  use  a 
certain  brand  which  was  largely  used  in  making  these  tests.  The 
ultimate  strength  of  several  brands  varied  widely,  yet  the  modulus 
at  the  same  stress,  approaching  the  ultimate  load,  varied  but  little. 
This  is  somewhat  similar  to  the  variation  in  the  elastic  limit  and 
ultimate  strength  of  steel  with  a  change  in  the  percentage  of  carbon, 
while  the  modulus  of  elasticity  remains  constant.  This  is  a  serious 
defect  in  the  formulas  involving  ratios  of  these  stresses. 

Mr.  Warren's  method  is  a  series  of  approximations,  and  the  re- 
sult is  the  same.  Moreover,  using  his  method  involves  a  longer  task 
♦Catalogue  of  St.  Louis  Expanded  Metal  Fireproofing  Company,  1903,  p.  53. 
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than  any  of  the  others.     The  result  shows  an  extravagant  use  of  Mr.  Wason. 
steel  and  a  lack  of  efficiency  in  the  concrete.     The  stress  in  this  ma- 
terial is  not  as  great  as  his  formula  would  indicate.     A  thickness  of 
1  in.  of  concrete  below  the  steel  is  not  enough  when  the  size  of  the 
bar  exceeds  |  in.  square. 

Some  engineers  solve  for  the  working  stress  of  the  beam,  and  use 
the  parabolic  curve  for  the  compressive  stresses.  This  is  inac- 
curate, inasmuch  as,  within  the  working  stresses,  the  stress  is  al- 
most exactly  proportional  to  the  strain,  so  that  a  plot  is  either  a 
straight  line  or  its  difference  from  a  straight  line  is  negligible. 
With  this  method  of  design,  the  outside  fiber  stress  in  compression 
is  actually  about  IJ  times  as  great  as  it  is  assumed,  as  shown  below. 

For  a  parabolic  curve  :    c  =  500  ;    p  =  0.01  ;    n  =  10  ;    x  =  0.42. 

J^  =  ^    c  X  (  I  —  ^  x^  =^   X  500  X  0.42   (l  —  "^  X  0.42^ 

=  140  X  X  0.843  =  118. 
For  a  straight  line  :    c  =  750  ;    p  =  0.01  ;    n  =  10  ;    a;  =  0.36. 

^=^x(l-|)  =  ^-X750X0.36(l-^«) 

=  135  X  0.88  =  118.8. 
X  is  taken  from  diagrams,  using  p  as  ordinate s  and  x  as  abscissas  for 
given  values  of  n,  x  being  deduced  from  the  formula  for  a  parabola  : 


9  ^ P  +-\J  \iy'^P)     -i-  3np  ; 


and  for  a  straisrht  line  : 


X  =  —  71  p  -\-  \/  (n  py  -\-  2  n  p. 

These  plots  were  made  by  Professor  Arthur  W.  French.  It  will 
be  seen  that  the  results  are  almost  identical,  although  c  =  500  in 
one  case  and  Y50  in  the  other. 

Captain  Sewell's  taking  80%  of  the  ultimate  strength  as  a  maxi- 
mum stress  on  the  concrete  when  the  steel  reaches  its  elastic  limit 
is  apparently  based  on  Professor  Hatt's  tests  at  the  first  crack. 
The  working  stress  obtained  in  concrete  on  this  basis,  using  2i  as  a 
factor  of  safety,  or  32%  of  the  ultimate  strength,  seems  to  be 
reasonable.  The  writer  would  recommend  using  the  sum  of  the 
dead  and  live  loads  as  the  load  on  which  the  factor  is  based,  except 

in  the  rare  cases  where  the  dead  load  is  larger  than  the  live  load, 

4 
when  (live  load  -f-   -—  dead  load)  X  2^^  =  the   elastic  limit  of   the 

steel,  may  be  used.  The  limit  of  elastic  deformation  determined  by 
Professor  Bauschinger,  which  the  writer  has  never  seen  questioned, 
was  about  seven-tenths  of  the  ultimate  resistance ;  therefore,  approxi- 
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Mr.  Wason.  mately,  the  above  factor  of  safety  is  based  on  the  elastic  limit  of  the 
concrete  as  well  as  of  the  steel. 

In  designing,  it  is  assumed  that  there  are  no  initial  strains  in 
the  composite  structure,  but,  nevertheless,  they  exist,  as  the  shrinkage 
of  the  cement  in  setting  produces  an  initial  compression  in  the  steel 
which  the  formula  does  not  recognize,  and  this,  if  neglected,  adds 
to  the  factor  of  safety.  Inasmuch  as  the  amount  of  stress  cannot  be 
accurately  determined,  this  is  the  wiser  course. 

Captain  Sewell  states  that  beams  designed  by  the  right  line  are 
heavier  than  necessary,  and  that  the  parabola  rather  inclines  to  the 
opposite  extreme.  Wlien  solving  for  the  working  stresses,  this  is  of 
less  consequence.  His  value,  u  =  0.85,  agrees  quite  closely  with 
the  mean  of  the  two  extreme  cases  previously  solved  by  Professor 
Talb  t's  formula,  and  is  sufficiently  accurate  to  be  generally  used  if 
th  ved  stress-strain  principle  be  accepted  as  correct.     The  writer 

believes  it  is  not  correct  when  working  stresses  are  considered. 

The  elaborate  discussion  as  to  the  most  economical  design,  con- 
sidering the  cost  of  the  steel  and  the  concrete,  is  very  interesting 
and  suggestive,  but,  inasmuch  as  the  cost  of  the  two  materials  is 
entirely  independent  of  their  ratio  of  stresses  in  practical  applica- 
tion, the  writer  has  found  that  it  is  sufficiently  accurate  and  economi- 
cal to  design  beams  with  the  maximum  allowable  depth,  in  order  to 
obtain  the  maximum  of  economy. 

From  every  test  which  has  come  to  the  writer's  attention,  he  i& 
convinced  that  there  is  no  economy  in  reinforcing  the  beam  wdth 
steel  against  compression,  and  is  glad  to  see  this  opinion  confirmed. 
There  is  not  as  great  economy  in  using  it  in  compression  as  in 
tension,  but  the  writer  would  go  still  further  and  say,  from  hi& 
present  knowledge,  that  it  is  never  advisable  to  lase  steel  in  com- 
pression in  beams.  The  tests  made  for  him  at  the  Massachusetts 
Institute  of  Technology  showed  no  value  whatever  in  top  reinforce- 
ment, and  to  rely  on  it  would  be  dangerous. 

There  are  other  reasons  to  prevent  a  theoretically  accurate  design 
from  being  actually  carried  out  on  the  work.  As  the  ultimate 
strength  and  modulus  of  elasticity  increase  with  age,  while  the  steel 
does  not,  the  design  of  the  beam  becomes  unbalanced,  thus  changing 
the  ratio  of  the  moduli  of  the  two  materials,  the  position  of  the 
neutral  axis,  and,  especially  important,  the  ultimate  compressive 
stress,  thus  changing  the  expected  result  from  any  design  where 
these  items  are  used  as  factors.  Actual  transverse  tests,  where  the- 
neutral  axis  has  been  located,  show  that  the  outside  fibers  sustain  a 
greater  stress  than  in  columns  uniformly  compressed. 

On  work  of  any  size,  the  concrete  is  mixed  by  machinery,  while 
laboratory  tests  are  almost  invariably  mixed  by  hand.  Samples  of 
hand-mixed  concrete  from  actual  work  give  better  results  than  labo- 
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ratorj^  specimens.  In  two  sets  of  tests,  reported  at  the  Watertown  :^ir.  Wasor. 
Arsenal  in  1897  and  1900,  the  difference  in  strength  between  hand- 
mixed  and  machine-mixed  concrete,  where  both  cases  were  excep- 
tionally well  done,  was  11%  in  favor  of  the  machine-mixed.  In  the 
other  set,  under  commercial  conditions,  the  difference  was  25% 
m  favor  of  the  machine-mixed.  There  is  quite  a  difference  in  the 
modulus  of  machine-mixed  and  hand-mixed  concrete.  Wet  or  plastic 
mixtures  thoroughly  or  lightly  tamped  affect  the  density  and  the 
bond  with  steel. 

The  bond  or  union  between  the  steel  and  the  concrete  increases 
with  age.  The  adhesion  does  not  reach  a  very  high  value  in  one 
month,  but  increases  steadily  beyond  this  point  for  a  number  of 
months.  Thus,  a  design  based  on  adhesion  which  would  not  be  safe 
at  one  month  would  be  safe  at  a  greater  period.  A  mechanical  bond 
is  always  to  be  preferred  to  simple  adhesion,  however.  While  the 
formulas  given  take  no  notice  of  this,  the  designer  must,  before 
completing  his  work. 

Fortunately,  all  these  variations  are  in  the  direction  of  safety, 
but  when  natural  causes,  of  which  the  most  elaborate  formula  can 
take  no  cognizance,  produce  such  differences,  why  attempt  great  re- 
finement, especially  when  the  values  of  the  several  factors  cannot  be 
determined  with  absolute  precision? 

The  discussion  resolves  itself  into : 

1.  Should  the  ultimate  or  the  working  stresses  be  used; 

2.  What  arm  should  be  given  to  the  internal  moment  of  resist- 
ance, the  formula  to  be  used  being  in  the  form: 

M  =  udAf. 

The  arm  proposed  by  the  writer,  ',    d^  or  0.833  dj  is  1.7%  safer 

than  that  proposed  by  Captain  Sewell,  and  he  believes  it  is  more 
nearly  correct. 

There  are  many  rules  in  practice  for  the  quantity  of  concrete 
necessary  to  embed  the  steel  in  the  bottom  of  a  beam.  The  practice 
followed  by  the  writer,  which  has  proved  entirely  satisfactory  in 
twelve  years  of  practice,  is  to  use  a  quantity  equal  to  twice  the 
diameter  of  the  bar  below  its  center.  In  work  of  exceptional  im- 
l)ortance,  or  where  there  is  unusual  danger  from  exposure  to  fire, 
this  may  be  increased  to  2^-  times  the  diameter  of  the  bar,  and  this 
will  be  found  to  be  ample  in  the  worst  cases.  The  width  of  the 
beam  should  be  at  least  equal  to  3  times  the  diameter  of  the  bar. 
If  this  is  used  as  a  minimum,  there  is  danger  in  some  cases  of  shear 
cracks.  Adding  an  inch  to  the  amount  above  given,  or,  at  most, 
4  times  the  section  of  the  bar,  will  be  found  sufficient  for  beams 
reinforced  with  a  single  bar.  Where  more  than  one  is  used,  allow 
a  clear  space  between  the  bars  equal  to  their  diameter. 
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Mr.  wason.  A  good  deal  has  been  said  by  various  writers  about  the  percentage 
of  steel  to  use.  The  limiting  factor  is  the  area  of  the  concrete. 
After  once  determining  the  working  stress  of  this,  the  percentage  of 
steel  is  fixed  for  any  given  stress,  and  this  ratio  is  a  constant. 

Among  the  advantages  of  solving  for  the  working  stress,  in  ad- 
dition to  those  previously  advanced,  is  the  fact  that  a  great  many 
tests  of  the  crushing  strength  of  concrete  of  different  mixtures  and 
brands  of  cement  have  been  made  when  measurements  have  not  been 
taken  to  determine  its  elastic  quality.  A  general  average  of  all 
these  is  easy  to  obtain,  or  an  average  omitting  the  exceptionally  high 
ones,  and  this  may  be  used  as  the  ultimate  strength.  In  obtaining 
results  of  this  character,  there  is  no  danger  of  misinterpreting  their 
meaning.  The  variations  in  the  actual  results  from  those  theoreti- 
cally expected  are  well  within  the  limits  of  allowable  error.  The 
advantage  in  commercial  practice  of  all  work  of  different  designers 
agreeing  in  their  principle  with  one  another  is  as  important  as  in 
designs  made  for  wood  and  steel. 

In  all  the  foregoing,  nothing  has  been  said  about  web  stresses. 
When  the  writer  began  constructing  this  class  of  work,  twelve  years 
ago,  he  did  not  know  enough  to  reinforce  the  beams  against  shear. 
There  are  a  good  many  structures  without  any  reinforcement  which 
have  proved  entirely  satisfactory  in  actual  service.  On  account  of 
this  experience,  he  still  continvies  to  build  many  floors  for  light  loads 
without  any  web  reinforcement.  There  is  one  building,  however,  in 
which  the  floors  are  habitually  heavily  overloaded  by  the  shock  of 
falling  weights.  In  this,  some  beams  have  been  cracked,  which 
would  indicate  there  is  not  a  very  large  factor  of  safety,  and  there- 
fore reinforcing  against  web  stresses  is  desirable.  From  the  ex- 
perience of  actual  structures  without  web  reinforcement,  and  from 
laboratory  tests,  it  is  evident  that  the  concrete  will  withstand  a  con- 
siderable part  of  the  web  stresses,  enabling  the  beam  to  develop 
nearly  the  ultimate  strength  of  its  tension  and  compression  members. 
The  writer  dissents,  therefore,  from  Captain  Sewell's  opinion  that 
concrete  should  no  more  be  relied  upon  for  connections  than  for 
resisting  tensile  flange  stresses.  Especially  is  this  true  when 
economy  is  considered. 

When  beams  are  to  carry  a  quiet  load,  or  one  with  but  little  vibra- 
tion, the  concrete  can  be  allowed  to  resist  shear  to  the  amount  of 
80  lb.  per  sq.  in.  But  when  there  is  heavy  vibration  or  sudden 
shocks,  reinforce  for  the  entire  web  stress.  On  account  of  the  fre- 
quent lapse  of  time  between  filling  a  beam  and  spreading  the  panel  or 
flange  portion  of  the  floor,  it  is  advisable  to  use  stirrups  bent  to  extend 
at  least  1  ft.  each  way  from  the  beam  into  the  panel  to  bond  the  two 
together.  This  is  seldom  done.  It  is  most  needed  at  the  center  of 
the  span.     Deformed  bars  are  far  superior  to  plain  ones,  and,  now 
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that  there  is  little  difference  in  price  between  them,  there  is  no  ex-  Mr.  Wasou. 
cuse  whatever  for  the  use  of  plain  bars. 

In  comparative  tests,  where  some  of  the  main  bars  were  bent 
diagonally  upward,  reaching  the  top  of  the  beam  near  the  support, 
the  greatest  strength  was  obtained — 25%  greater  than  with  the  use 
of  diagonal  stirrups  attached  rigidly  to  the  main  bars.  This  latter 
method,  however,  is  far  superior  to  diagonal  stirrups  which  are  loose, 
as  in  tests  of  this  kind,  when  the  beam  deflected,  they  dragged  under 
the  main  bars,  breaking  away  the  concrete  and  causing  failure  at  a 
lower  load  than  a  beam  which  had  no  web  reinforcement  whatever. 
Loose  vertical  stirrups  gave  better  results  than  beams  without  any 
web  members.  It  is  harder  work  to  embed  diagonal  web  members 
properly,  as  shown  on  page  657,*  than  with  vertical  ones,  or  where 
some  of  the  main  bars  are  bent  diagonally  upward  to  the  top  of  the 
beam.  Therefore,  to  obtain  as  good  results  with  the  inclined  stir- 
rups requires  more  expense  and  smaller  stone  in  the  concrete  than  is 
required  with  other  types. 

This  discussion,  however,  can  be  made  entirely  independent  of 
that  of  flexure,  and  final  judgment  should  be  reserved  until  more  ex- 
perimental data  have  been  obtained.  Some  of  the  colleges  are  con- 
ducting such  experiments  at  the  present  time,  the  results  of  which 
it  is  expected  will  throw  considerable  light  upon  this  subject.  The 
writer,  therefore,  has  merely  stated  his  experience,  which  may  help 
toward  the  ultimate  solution. 

E.  P.  Goodrich,  M.  Am.  Soc.  C.  E. — Eor  several  years  the  speaker  Mr.  Goodrich, 
has  had  in  mind  the  use  of  a  simple  formula,  such  as  the  one  sug- 
gested by  Captain  Sewell,  to  be  used  in  the  design  of  reinforced-  con- 
crete beams.  With  this  in  view,  the  results  of  tests  of  several  hun- 
dred beams  have  been  carefully  analyzed  and  plotted.  After  con- 
siderable work  had  been  done,  the  speaker's  attention  was  called  to 
a  paper  by  T.  L.  Condron,  M.  Am.  Soc.  C.  E.,  entitled  "A  Study  of 
Tests  of  Reinforced  Concrete  Beams,"  presented  before  the  Ameri- 
can Society  for  Testing  Materials.  In  it  Mr.  Condron  has  analyzed 
eighty-three  tests,  and  has  proposed  a  formula  of  the  form. 

(Moment  of  forces)  -=-  (depth  X  ai'ea  of  beams)  =  (constant  X 
percentage  of  steel)  -1-  (another  constant). 

The  paper  is  most  interesting  and  is  worthy  of  close  study. 

Several  engineers  had  been  making  use  of  simplified  formulas 
before  L.  J.  Johnson,  M.  Am.  Soc.  C.  E.,  published,  in  Engineering 
News,  his  table  of  the  values  of  K  (which  corresponds  with  Captain 
Sewell's  h).  As  far  as  the  writer  is  aware,  however.  Professor  John- 
son was  the  first  to  put  the  theoretical  side  of  the  subject  into  such 
shape  that  a  simple  formula  was  available  for  practical  use. 

Because  of  the  diversity  of  composition  and  age  of  the  tested 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1905. 
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Mr.  Goodrich,  beams,  reports  of  which  were  available  for  examination  by  the 
speaker,  it  was  difficult  to  determine  the  accuracy  of  Mr.  Condron's 
deductions.  The  speaker,  therefore,  instituted  the  following  test: 
Seven  beams  were  built,  with  tension  rods  only,  and  all  had  the  same 
area  of  steel  and  the  same  area  of  concrete  above  the  reinforcement. 
The  breadth  and  depth  of  the  several  beams  were  varied  as  far  as 
possible.  With  these  conditions,  the  breaking  load  should  vary  di- 
rectly with  the  depth  of  the  beam,  according  to  Mr.  Condron's  equa- 
tions. The  beams  broke  with  remarkable  uniformity,  all  failing  by 
crushing. 

Fig.  21  shows  the  plotted  results.  The  results  also  clearly  show 
the  possibility  of  using  such  a  formula  as  that  proposed  by  the 
author,  at  least  when  a  single  percentage  of  steel  is  used. 


TESTS  TO  DETERMINE  VARIATION  OF  LOAD 
WITH  DIFFERENT  DEPTHS  OF  BEAMS  HAVING 
SAME  AREA  OF  CONCRETE  AND  OF  STEEL 


85 

cq 
«... 


^ 

y 

All  Beams  of  Constant  Area 

Similarly  Reinforc 
Load  Uniformly  Distributed 
All  Beams  Failed  by  Compie^s 

ed 
on 

y 

y 

// 

/^ 

^ 

A 

y 

100 


aoo 

Units  of  Load 
Fig.  ai. 


300 


400 


The  analysis  of  the  various  test  beams  developed  several  different 
points,  one  of  which  was  the  fair  constancy  of  a  quantity  corre- 
sponding with  the  In,  of  the  author's  formula.  Even  the  several  hun- 
dred examples,  however,  were  found  to  be  altogether  too  few,  upon 
which  to  base  perfect  reliance,  and  the  speaker  has  thus  been  forced 
to  resort  largely  to  theory  in  order  to  develop  working  rules  for 
design;  but  these  rules  are  well  tinctured  with  the  deductions  from 
the  experiments  analyzed. 

The  author's  work,  in  analyzing  the  Watertown  compression 
tests  to  arrive  at  a  proper  assumption  as  to  the  stress-strain  curve, 
is  in  direct  line  with  what  he  states  must  be  done  as  a  solid  basis 
upon  which  to  construct  working  formulas.  It  is  an  indirect 
method,  but,  nevertheless,  of  great  value. 
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His  objection,  ■  that  the  assumption  of  a  right  line  as  the  stress- Mr.  Goodrich, 
strain  curve  for  concrete  gives  beams  which  are  unnecessarily  heavy, 
may  be  true  from  the  point  of  view  of  theory  only,  and  perhaps  may 
be  proved  so  in  practice  when  only  the  best  of  workmanship  is  ex- 
acted. However,  when  consideration  is  given  to  the  fact  that  prob- 
ably a  large  majority  of  the  reinforced  concrete  work  going  on  at 
the  present  time  is  being  done  by  inexperienced  contractors,  employ- 
ing relatively  low-grade  labor,  and  under  little  or  no  supervision,  the 
speaker  believes  that  the  Building  Department  of  the  City  of  New 
York,  the  Prussian  Government,  and  the  French  Commission  have 
taken  a  wise  course  in  specifying  the  right-line  assumption.  In  the 
example  given  by  the  author,  he  shows  an  increase  of  only  4  in.  for 
a  beam  which  would  have  a  depth  of  8  in.,  according  to  his  method 
of  design.  This  is  an  addition  of  only  6^%,  which  is  very  small  to 
■cover  even  ordinary  variations  in  workmanship,  and  is  only  3|% 
more  than  enough  to  cover  the  variation  from  the  nominal  weight  of 
steel  bars  allowed  in  the  rolling  mills,  according  to  standard  steel 
specifications. 

On  the  basis  of  concrete  at  20  cents  per  cu.  ft.,  steel  at  3  cents 
per  lb.,  and  1%  of  steel  used  as  reinforcement,  a  variation  in  cost 
of  only  3.6%  is  found  between  the  right  line  and  the  author's 
assumptions.  While  bars  usually  run  over  weight,  still  there  is  a 
real  chance  of  a  possible  deficiency,  in  the  carrying  power  of  a  beam, 
of  as  much  as  24%,  against  which  safe  practice  recommends  a  con- 
stant increased  cost  of  only  3.6  per  cent. 

What  the  author  says  as  to  the  proper  definition  of  the  modulus 
of  elasticity  of  concrete  is  only  too  true.  The  speaker  has  been  un- 
able to  find  any  data  as  to  the  modulus  for  concrete  14  days  old, 
which  is  the  age  at  which  he  determines  all  working  values,  and  has 
been  forced  to  assum.e  one  until  such  time  as  accurate  tests  can  be 
secured.  He  has  lately  come  to  the  conclusion  that  the  usual  ratios 
assumed  for  the  moduli  are  too  small. 

Fig.  22  shows  the  curves  representing  the  theoretical  percentage 
of  depth  from  the  top  of  a  beam  to  the  neutral  axis,  for  different 
percentages  of  steel  and  ratios  of  moduli,  based  on  a  right  line  for 
the  stress-strain  diagram.  On  it  are  also  plotted  the  actual  loca- 
tions of  the  neutral  axis  determined  by  measurements  on  the  beams 
tested  by  A.  N.  Talbot,  M.  Am.  Soc.  C.  E.,  and  reported  to  the 
Western  Society  of  Engineers.  It  is  seen  that  the  curve  coming 
nearest  to  the  observed  results  would  be  for  approximately  18,  as  a 
ratio  of  moduli. 

Another  illustration,  tending  to  prove  this  conclusion,  was  of  a 
test  beam  designed  with  stirrups  of  the  special  type  adopted  by  the 
speaker.  When  only  14  days  old  it  failed  by  compression  under  a 
center  load  of  16  000  lb.     The  effective  beam  area  was  7  in.  wide  by 
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Mr.  Goodrich.  10  in.  deep,  and  the  clear  span  was  100  in.  On  the  assumption  of  a 
right  line  for  the  stress-strain  diagram,  and  a  ratio  of  12  for  the 
ratio  of  moduli,  the  extreme  fiber  stress  at  failure  was  3  800  lb.  With 
a  ratio  of  20,  the  fiber  stress  was  2  750,  This  means  one  or  both  of 
two  things:  the  ratio  of  moduli  assumed  in  the  first  case  was  alto- 
gether too  small,  or  the  type  of  stirrup  had  much  to  do  with  raising 
the  extreme  fiber  stress.  Probably  both  are  true.  These  points, 
with  many  others,  make  the  speaker  feel  that  values  for  r  below  15 
are  really  too  small.  This  is  most  likely  to  be  true  with  certain  de- 
signs of  web  reinforcement  which  act  to  stiffen  the  beam. 

The  speaker  agrees  with  the  author  when  he  says  that  the  "most 
logical"  method  of  design  is   to   compute  the  load  producing  the 
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maximum  stress  "as  the  dead  load,  plus  the  product  of  the  working 
live  load  by  a  factor  of  safety."  That  is  the  method  adopted  by  the 
speaker  for  all  his  work. 

It  is  interesting  to  note  that,  after  all  his  work,  the  author  finds 
that  the  average  values  of  his  quantity,  h,  vary  only  from  0.865  to 
0.84,  even  with  the  widest  range  of  theory  as  to  the  form  of  the  curve 
in  question.  When  he  assumes  a  constant  value  of  0.85,  he  strikes 
almost  exactly  the  one  f oimd  for  a  steel  stress  of  40  000  lb.  per  sq.  in. 
Both  40  000  and  a  value  very  close  to  0.85  are  the  ones  adopted  by 
the  speaker  for  all  his  ordinary  work.  In  selecting  40  000,  he  agrees 
with  the  author  as  to  adopting  the  elastic  limit  of  the  steel  as  one 
maximum  stress. 
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The  speaker  is  also  in  substantial  agreement  with  him  as  to  the  Mr.  Goodrich, 
propriety  of  adopting,  as  a  working  value  for  the  maximum  stress 
for  concrete,  an  amount  reduced  appreciably  below  the  ultimate 
stress  usually  assumed  for  that  material.  The  author,  like  most 
engineers,  adopts  2  500  as  the  ultimate  stress.  He,  however,  reduces 
this  amount  by  20%  and  uses  2  000  as  the  maximum  allowable  stress 
oik  concrete.  The  speaker  uses  this  same  figure,  but  arrives  at  it  by 
a  different  course  of  reasoning. 

It  is  believed  that  almost  all  structural  work,  both  of  steel  shapes 
and  of  reinforced  concrete,  is  likely  to  receive  its  most  severe  test 
during  erection,  and  that  (in  the  case  of  concrete  at  least)  it  is  most 
apt  to  occur  about  14  days  after  the  concrete  has  been  placed.  The 
centers  are  then  removed  or  are  being  removed,  and  the  structure  is 
in  such  a  condition  that  building  materials  and  all  sorts  of  things 
are  likely  to  be  piled  about  in  the  promiscuous  way  so  well  known  to 
all  engineers.  Little  thought  is  ever  given  to  the  actual  weight  in- 
volved, and  overloading  is  known  to  be  only  too  common. 

The  diagram  found  on  page  257  of  Taylor  and  Thompson's  book, 
"Concrete,  Plain  and  Reinforced,"  shows  that  the  average  ultimate 
compression  stress  in  concrete  14  days  old  is  about  85%  of  its  ultimate 
stress  at  the  age  of  one  month.  This  tends  to  show  that  the  reduc- 
tion of  20%  advocated  by  the  author  is  a  wise  one,  especially  when 
conditions  are  considered  which  are  apt  to  occur  at  an  early  age  of 
the  concrete. 

For  these  reasons  the  speaker  has  prepared  all  his  working  for- 
mulas on  a  basis  of  2  000,  which  is  lower  than  has  generally  been  used 
by  most  engineers,  except  through  the  devices  of  a  relatively  low 
safe  working  stress  for  concrete,  or  of  a  larger  factor  of  safety  for 
concrete  than  for  steel. 

The  author  suggests  that  experiment  is  best  to  determine  "the 
maximum  allowable  percentages  of  steel  for  each  grade  of  con- 
crete." In  this  connection,  the  deductions  made  by  Mr.  Condron  are 
of  interest.     He  says : 

"For  plain  steel  bars  of  approximately  33  000  lb.  per  sq.  in. 
elastic  limit P  (is)  not  to  exceed  1.5%,"  and  for  "corru- 
gated or  similar  bars  of  approximately  55  000  lb.  per  sq.  in.  elastic 
limit li  per  cent." 

He  does  not  give  his  reasons  for  the  deductions,  and  the  method 
of  loading,  and  size  and  kind  of  reinforcement  in  the  beam  influence 
so  largely  the  type  of  failure  that  some  modification  of  such  a  general 
rule  should  be  made,  so  as  to  meet  varying  conditions. 

In  this  connection,  the  results  of  the  tests  made  by  H.  A.  Carson, 
M.  Am.  Soc.  C.  E.,  published  in  the  report  of  the  Boston  Transit 
Commission  for  1904,  are  of  great  interest.  Fig.  23,  at  the  left, 
shows  the  plotted  results  of  tests  of  plain,  square  and  other  bars  of 
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Mr.  Goodrich,  low  elastic  limit.  In  all  cases  the  failures  are  described,  as  being 
due  to  "tension,"  except  two  with  small  percentages,  in  which  one 
bar  slipped.  Fig.  23,  at  the  right,  shows  results  obtained  with 
twisted  and  corrugated  bars.  In  the  tests  marked  with  double 
circles,  the  beam  failed  by  what  the  report  designates  as  "shear," 
but  which  the  speaker  believes  to  be  due  primarily  to  a  splitting  of 
the  concrete  along  the  line  of  reinforcement  because  of  the  sha^ 
of  the  bar  and  its  action  when  it  begins  to  draw  through  the  concrete 
as  tension  comes  upon  the  reinforcing  steel. 

Since  the  beams  reinforced  with  plain  rods  did  not  fail  by  shear 
or  by  slipping  of  the  rods,  even  when  the  percentage  of  reinforce- 
ment was  high,  there  is  nothing  to  lead  one  to  presuppose  failure  by 
shear  in  the  cases  of  the  beams  with  twisted  and  corrugated  bars. 


TESTS  OF   REINFORCED  CONCRETE  BEAMS,   EAST  BOSTON   TUNNEL  1903. 
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Fig.  1,  Plate  XXVII,  is  a  reproduction  of  one  of  several  photo- 
graphs contained  in  the  report,  to  which  reference  is  specifically 
made  as  illustrating  the  type  of  failure  in  these  cases.  It  may  be 
contended  that  the  bars  were  spaced  too  closely,  so  that  not  enough 
concrete  surrounded  the  bars  to  bring  them  into  proper  action.  This 
is  doubtless  true,  but  when  sufficient  concrete  is  available  for  this 
purpose,  the  design  is  a  failure  from  the  economical  standpoint. 

The  tests  made  by  Mr.  Carson  show  that — for  beams  of  the  size 
involved,  reinforced  simply  by  tension  bars,  and  broken  by  a  center 
load — not  more  than  1%  of  any  but  plain  steel  bars  should  be  used. 
It  will  be  seen,  later,  that  when  stirrups  are  used,  much  larger  per- 
centages of  steel  can  safely  be  utilized. 
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The  analytical  work  carried  out  by  the  author  is  extremely  in-  Mr  (Joodrich. 
teresting  in  itself,  but  it  is  even  more  so  when  it  is  examined  aa 
to  its  agreement  or  disagreement  with  actual  tests. 

The  speaker  has  investigated  a  great  many  theoretical  designs 
based  on  almost  every  combination  of  conditions,  and  one  set  of 
results  is  shown  in  Fig.  24.  The  depths  of  beams  of  constant  width, 
designed  to  support  a  given  total  load  on  a  given  span,  with  varying 
percentages  of  reinforcement,  were  computed.  One  curve  was 
plotted  showing  the  varying  depth  when  only  the  steel  was  con- 
sidered.    Another  curve  was  then  found  when  the  concrete  alone 


DETERMINATION  OF  ECONOMIC   PECENTAGES  OF  STEEL  FOR  SPECIAL  REINFORCED 
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was  kept  in  view.  These  two  curves  are  at  the  left  in  Fig.  24,  and 
where  they  cross  is  the  only  point  at  which  both  materials  are 
worked  to  their  full  mechanical  efficiency. 

With  a  percentage  of  steel  other  than  that  found  at  the  point  of 
intersection  of  the  curves,  the  depth  is  determined  by  one  or  other 
of  the  unshaded  parts  of  the  lines.  The  costs  of  both  steel  and  con- 
crete for  beams  of  the  depths  determined  by  these  unshaded  lines 
were  then  computed,  and  are  shovsm  in  the  next  two  intersecting 
curves.  The  total  cost  is  given  by  the  line  at  the  right,  which  shows 
a  decided  minimum.  In  this  special  case,  however,  the  cost  varies 
only  slightly  between  1  and  1^%  of  steel. 
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Mr.  Goodrich.  With  other  assumptions  as  to  the  ratio  of  moduli  of  the  maxi- 
mum allowable  stresses,  and  of  the  unit  costs  of  the  materials,  the 
minimum  occurs  with  other  percentages  of  steel. 

Some  actual  plotted  costs  are  shown  in  Fig.  25,  which  includes 
Professor  Talbot's  tests  with  corrugated  bars,  and  the  Boston  tests 
with  square  and  with  twisted  bars.  The  minimum  occurs  between 
1  and  1^%   of  reinforcement  for  the  special  prices  assvimed,  viz.: 
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20  cents  per  cu.  ft.  for  concrete  and  3  cents  per  lb.  for  steel.     These 
are  the  cost  prices  assumed  by  the  author. 

With  respect  to  possible  economies  which  might  be  effected  by 
introducing  steel  in  the  compression  edge  of  the  beams  without  using 
it  in  the  web  also,  only  the  tests  for  the  Boston  Tunnel  shed  any 
light,  as  far  as  the  speaker  is  aware.  However,  they  entirely  bear 
out   the    author's    deduction,    that    "single    reinforcement"    will    be 
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cheaper.     The  left-hand  portion  of  Fig.   26  shows  the  results  oh-  ^ii--  aoodricb. 
tained,  and  little  increase  in  supporting  ])ower  is  observable,  prob- 
ablj'  because  all  beams  will  fail,  by  so-called  "shear"  in  most  cases, 
long  before  the  top  reinforcement  rods  can  be  brought  into  action, 
unless  special  means  are  provided  to  make  them  do  so. 

From  some  experiments  on  the  longitudinal  reinforcement  of 
columns  which  the  speaker  has  seen,  he  feels  certain  that,  in  both 
beams  and  columns,  steel  designed  to  take  compression,  under  such 
conditions,  carries  but  a  small  percentage  of  what  it  is  usually  cal- 
culated to  do.  If  it  is  necessary  to  increase  the  compression  side  of 
a  girder  with  steel,  it  can  be  done  much  more  economically  in  other 
ways,  the  beam  described  earlier,  which  broke  with  an  extreme  fiber 
stress  of  more  than  2  750  lb.  per  sq.  in.  tends  to  prove  this. 
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The  author's  paragraph  with  regard  to  the  ideal  web  reinforce- 
ment should  be  fruitful  of  interesting  discussion.  Personally,  the 
speaker  does  not  agree  with  most  of  the  clauses  contained  in  it. 
However,  he  believes  thoroughly  in  web  reinforcement,  and  that  it 
should  consist  of  a  multiplicity  of  small  members  which  should  ex- 
tend to  the  top  of  the  beam.  The  experiments  made  for  the  Chicago, 
Milwaukee  and  St.  Paul  Railway  by  Mr.  J.  J.  Harding,  and  reported 
to  the  Western  Society  of  Engineers,  strongly  tend  to  prove  each  of 
these  items,  but  especially  the  first  and  last ;  while  other  experiments 
witnessed  by  the  speaker  some  years  ago  led  him  to  the  conclusion 
contained  in  the  second  point,  to  which  he  called  attention  in  his 
discussion  of  Captain  Sewell's  paper*  before  the  International  En- 

*Transaction.%  Am.  Soc.  C.  E.,  Vol.  LIV,  Part  E,  p.  459. 
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Mr.  Goodrich,  gineering  Congress.  In  the  other  points,  issue,  is  taken  with  this 
paper;  however,  these  matters  are  not  necessary  to  the  analytical 
treatment,  the  results  of  which  are  believed  by  the  speaker  to  be 
essentially  correct  and  to  be  borne  out  by  experiment. 

In  exact  accord  with  the  author's  ideas,  the  speaker  designs 
beams  primarily  with  regard  to  the  maximum  moments,  without 
reference  to  anything  except  an  approximate  dead  load.  The  latter 
is  usually  taken  as  1  lb.  per  sq.  in.  of  "guessed-at"  cross-section  per 
foot  of  length.  Afterward,  web  reinforcement  is  added,  and  all  the 
parts  thus  determined  are  investigated  as  to  other  possibilities  of 
failure. 

The  best  comparative  experiments  known  to  the  speaker,  illus- 
trating the  value  of  web  reinforcement,  are  those  made  by  Mr. 
Harding,  to  which  reference  has  been  made.  He  found  that  his 
web  reinforcement  increased  the  carrying  power  of  the  beams  which 
contained  it  about  50%,  and  that  the  Variation  in  strength  was  much 
less  in  beams  with  web  reinforcement  than  in  those  without  it.  Mr. 
Harding  experimented  with  only  a  single  percentage  of  steel.  In 
some  tests  for  the  Boston  Tunnel,  a  wide  variation  in  the  percentage 
of  tension  reinforcement  was  made.  The  same  relative  effect  of  web 
reinforcement  was  observed,  but  no  results  as  striking  as  those  of 
Mr.  Harding  were  obtained.  In  the  curves  shown  at  the  right  of 
Fig.  26,  beams  with  bottom  rods  without  web  steel  are  compared 
with  those  with  bottom  rods  and  with  vertical  web  reinforcement. 
The  value  of  the  latter  will  never  be  apparent  until  the  load  has 
reached  a  point  beyond  which  the  concrete  cannot  withstand  the 
developed  stresses.  In  Professor  Talbot's  discussion  of  Mr.  Hard- 
ing's paper,  this  value  is  given  as: 

Vertical  shear  ^-  (breadth  X  effective  depth)  =  from  125  to 
150  lb.  per  sq.  in. 

It  is  well  known  that  when  conditions  are  right,  concrete  can 
develop  a  very  large  shearing  resistance,  and  the  speaker  believes 
that  properly  designed  beams  should  take  account  of  this  capacity. 
In  this  point  he  differs  from  the  author,  who  states  that  "ideal  web 
reinforcement"  should  be  of  such  size  that  "the  sum  of  the  hori- 
zontal components  of  the  stresses  in  all  the  web  members  in  each 
half  of  the  beam  should  be  at  least  equal  to  the  maximum  stress  in 
the  flange  reinforcement."  The  speaker  believes  that  this  would 
give  an  excessive  amount  of  web  steel. 

Turning  to  the  Boston  experiments,  it  is  seen  that  the  beams 
provided  with  web  steel  show  little  improvement  over  beams  with- 
out it,  until  a  point  is  reached  above  which  the  latter  beams  fail  by 
"shear";  but,  even  then,  only  small  improvement  is  found,  due 
probably  both  to  the  design  of  the  web  reinforcement  and  the  relative 
depths  of  the  beams. 
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Fig.  1.— Beam  tested  for  Boston  Tunnel,  without  Stirrups,  showing  Type  op  Failure. 


Fig.  3.— Reinforcement  used  in  Brick  Beam  Test. 


Fig  3.— Brick  Beam,  not  loaded. 


Fig.  4.— Brick  Beam  supporting  Load. 
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When  comparison  is  made  between  beams  which  have  both  top  Mr.  Ooodrich. 
and  bottom  rods,  with  and  without  web  reinforcement,  or  beams 
which  have  web  reinforcement  with  and  without  top  rods,  a  decided 
improvement  is  apparent.  The  results  of  such  comparisons  are 
shown  in  Fig.  27,  in  which,  except  where  stated  to  the  contrary, 
loading's  are  given  at  the  first  sign  of  failure.  When  ultimate  loads 
are  considered  (at  which  the  speaker  usually  looks  askance),  a  still 
more  striking   improvement  is   apparent.     It  should   also   be  noted 
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that  the  results  given  for  Mr.  Harding's  experiments  refer  to  loads 
at  ultimate  failure. 

Unless  a  large  percentage  of  tension  steel  is  used,  and  the  beams 
are  comparatively  deep,  it  will  not  usually  be  found  financially 
profitable,  purely  from  the  point  of  view  of  increased  safe  load 
capacity,  to  use  web  reinforcement;  and,  even  with  large  percent- 
ages of  tension  steel,  it  is  rarely  profitable  unlesS  the  increase  in  the 
iiltimate  loads  is  noted,  and  advantage  is  taken  to  reduce  the  re- 
quired factor  of  safety  accordingly. 

But,  laying  aside  all  ideas  of  economy,  the  speaker  believes  em- 
phatically in  the  use  of  ample  web  reinforcement,  because  of  the 
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Mr.  Goodrich,  marked  difference  in  the  type  of  failure  which  will  take  place. 
Fig.  1,  Plate  XXVIII,  shows  a  beam  from  the  Boston  series  which 
was  reinforced  with  bottom  and  web  steel  and  carried  more  than 
19  000  lb.  at  the  first  sign  of  failure.  Even  when  ample  factors  of 
safety  are  used,  it  is  well  worth  the  cost  of  web  reinforcement  to  be 
sure  that  when  failure  does  occur  it  will  be  like  Fig.  1,  Plate 
XXVIII,  rather  than  like  Fig.  1,  Plate  XXVII. 

It  was  from  a  study  of  such  conditions  as  are  shown  in  the  case 
of  top  rods  with  web  steel  that  the  speaker  was  led  to  adopt,  for  his 
work,  a  type  of  web  reinforcement  which  did  not  depend  for  its 
action  on  its  adhesion  to  the  concrete.  That  is  the  only  means  that 
most  systems  have  of  transmitting  stresses  from  the  web  steel  into 
the  concrete,  whether  the  web  steel  takes  the  form  of  straight  spines, 
or  consists  of  vertical  or  other  shaped  members  primarily  designed 
as  aids  to  easy  construction.  A  much  better  form,  in  the  speaker's 
opinion,  is  one  in  which  the  web  steel  is  actually  bound  to  the  floor 
slab  reinforcement.  In  this  case,  however,  the  latter  should  run 
across  the  top  of  the  beam.  But  still  better  for  construction  pur- 
poses is  a  design  in  which  the  tension  rods  are  placed  in  pairs,  and 
the  web  steel  is  shaped  like  an  inverted  U  with  the  free  ends 
wrapped  around  the  tension  rods.  The  speaker  claims  no  orig- 
inality for  this  design,  although  he  believes  he  was  among  the  first 
to  see  clearly  its  mechanical  and  constructional  advantages,  and 
first  worked  out  its  proper  design.  By  this  system,  the  web  steel 
may  or  may  not  be  rigidly  connected  to  the  tension  rods.  In  some 
beams,  rigid  connection  is  well,  especially  where  the  reinforcement 
is  fabricated  at  a  point  distant  from  the  point  of  installation,  and 
the  amount  of  handling  during  shipment  is  large. 

The  speaker  must  include  himself  among  those  to  whom  the 
author  refers,  and  who  cannot  agree  with  him  that  "attached  web 
members  are  necessary."  The  speaker  believes  that  the  two  follow- 
ing tests,  devised  and  carried  out  under  his  direction,  go  far  toward 
disproving  the  need  of  the  rigid  attachment  of  web  members. 

A  "truss"  was  built,  consisting  of  tension  bars  hooked  at  the 
ends  and  of  inverted  U-shaped  stirrups  with  their  ends  simply 
wrapped  around  the  tension  rods.  The  stirrups  were  spaced  so  that 
ordinary  hard  building  brick  could  be  placed  between  them.  Flat 
plates  were  set  in  front  of  the  bent  ends  of  the  tension  rods  to  pre- 
vent the  end  bricks  from  being  cut  by  the  rods,  and  oak  spacing 
pieces,  of  just  the  thickness  of  the  stirrups,  were  used  to  separate 
the  bricks  which  would  otherwise  rest  against  the  stirrups  and  be 
cut  by  them.  Figs.  2,  3  and  4,  Plate  XXVII,  show  the  plain  rein- 
forcement, the  brick  beam,  and  the  load  carried  when  the  top  bricks 
began  to  crush,  respectively. 

A  more  interesting  experiment  lately  carried  out  by  the  speaker 
was  the  following: 
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A  concrete  beam  was  moulded  which  was  reinforced  with  a  tru/ss  Mr.  Goodrich, 
simihir  to  that  used  in  the  brick  beam.  However,  the  concrete 
was  not  allowed  to  get  below  the  bottom  rods  except  at  the 
points  of  support.  In  this  way  no  possibility  of  any  adhesion  be- 
tween the  tension  rods  and  the  concrete  existed.  Furthermore,  there 
was  no  rigid  connection  between  the  bottom  rods  and  the  stirrups, 
as  the  latter  were  simply  wrapped  around  the  former.  At  an  age  of 
10  days  the  beam  failed  by  crushing  at  the  center,  with  a  load  of 
9  326  lb.,  while  a  similar  beam,  built  without  stirrups,  failed 
under  a  center  load  of  9  000  lb.  by  rods  pulling  out  of  the 
concrete.  Fig.  2,  Plate  XXVIII,  shows  the  latter  beam,  and  Fig.  3, 
Plate  XXVIII,  shows  the  failure  of  the  beam  which  had  stirrups, 
but  had  no  concrete  under  the  tension  rods.  Fig.  4,  Plate  XXVIII, 
shows  the  beam  tipped  upside  down  after  it  had  been  broken,  so  as 
to  show  the  method  by  which  the  stirrups  were  attached  to  the 
tension  rods. 

The  design  of  web  reinforcement  adopted  by  the  speaker  also 
materially  increases  the  resistance  which  the  beam  will  develop  to 
compression,  as  it  acts  in  a  manner  similar  to  that  of  the  hooping 
or  spiral  steel  used  to  reinforce  columns.  Moreover,  the  increased 
crushing  strength  is  developed  in  both  beams  and  columns,  with 
only  a  fraction  of  what  is  required  where  longitudinal  rods  are  used, 
as  the  tests  of  Considere  tend  to  prove. 

The  test  described  earlier  in  this  discussion,  in  which  was  de- 
veloped an  extreme  fiber  stress  of  from  2  750  to  3  700  lb.  per  sq.  in. 
for  concrete  14  days  old,  is  a  strong  proof  of  the  advantage  claimed. 

Whenever  possible,  of  course,  recourse  is  had  to  the  device  of 
using  the  floor  structure  adjoining  the  compressed  edge  of  beams  to 
increase  the  compression  area  of  the  beam,  but  the  speaker  has 
never  been  satisfied  as  to  the  accuracy  of  the  methods  of  computation 
thus  far  published  for  such  beams.  It  is  something  of  a  disappoint- 
ment that  the  author  did  not  give  some  analysis  of  the  relations  which 
should  exist  between  his  quantities,  s,  h  and  c,  in  T'beams.  He  takes 
for  granted  a  predetermined  relation  which  is  not  involved  in  the 
determinations  of  economic  dimensions,  and  perhaps  he  is  right.  In 
this  point,  it  is  concluded  that  he  uses  the  same  methods  of  determin- 
ing the  quantities  in  question  as  he  gave  in  his  paper  before  the  Inter- 
national Engineering  Congress,  in  which  he  followed  A.  L.  Johnson, 
M.  Am.  Soc.  C.  E.  It  is  a  great  pity  that  so  few  experimenters 
have  tested  beams  of  T  -section,  because  they  are  the  ones  oftenest 
encountered,  and  every  designer  makes  large  use  of  the  flanges  of  the 
T  in  his  designs. 

The  analysis  of  the  several  hundred  beams  examined  by  the 
speaker  has  convinced  him  that  reinforced  concrete  beams  designed 
with  vertical  stirrups  like  those  shown  in  Fig.  2,  Plate  XXVII,  may 
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Mr.  Goodrich,  be  analyzed  like  a  multiple-system  Howe  truss,  as  far  as  most  points 
in  the  design  go.  He  is  borne  out  in  this  idea  by  three  tests  of  full- 
sized  members  which  were  executed  during  the  past  year  in  connec- 
tion with  the  construction  work  going  on  under  his  direction. 

The  floors  for  one  building  were  designed  to  carry  a  load  of 
800  lb.  per  sq.  ft.  at  the  first  crack,  when  30  days  old.  Two  full- 
sized  modified  T -beams  were  broken  at  an  age  of  14  days.  They 
were  designed  for  the  building  work  as  partially  anchored  at  the 
ends,  so  that  the  denominator  in  the  moment  formula  was  10  instead 
of  8,  as  for  beams  simply  supported  at  the  ends,  and  as  the  tests 
necessarily  must  be.  Rails  were  loaded  upon  the  test  beams,  and 
their  weight  was  sufficient  to  cause  failure  without  the  possibility 
o'f  arching  or  of  other  troublesome  eifects.  The  actual  load  safely 
carried  by  the  tests  when  the  first  cracks  appeared,  when  increased 
in  the  ratio  of  10  to  8,  was  equivalent  to  a  load  of  815  lb.  per  sq.  ft.. 

Four  months  after  one  floor  of  the  building  had  been  completed,. 
•  four  full  bays,  aggregating  a  total  area  of  about  1  000  sq.  ft.,  were 
loaded  with  brick  to  aggregate  875  lb.  per  sq.  ft.  Under  this  load,  a 
tine  crack  appeared  at  the  center  of  the  bottom  of  the  two  fully- 
loaded  girders,  with  no  signs  of  strain  visible  at  any  other  point 
except  small  deflections.  Great  care  was  taken  to  pile  the  brick  so 
as  to  prevent  any  arching  effect,  and,  as  the  greatest  deflections  were 
slightly  more  than  I  in.  for  17-ft.  spans,  little  reduction  of  load 
from  arching  could  have  occurred  in  any  case. 

The  third  test  was  of  a  beam  designed  to  carry  a  central  load, 
and  illustrates  two  important  points,  in  spite  of  the  fact  that  the 
concrete  was  of  very  inferior  quality,  for  some  reason  as  yet  un- 
f  athomed  by  those  in  charge.  Figs.  1  and  2,  Plate  XXIX,  show  the 
beam  as  a  whole,  and  a  near  view  of  the  principal  failure.  Just  as 
the  last  rail  was  applied  to  the  test,  tension  cracks  appeared  near 
the  center  of  the  beam.  At  almost  the  same  time,  spalling  of  the 
concrete  took  place  at  the  top,  at  the  center.  This  might  have  been 
hastened  by  the  action  of  the  load,  but  only  slightly  so,  as  good  sup- 
ports were  provided  to  distribiite  the  load  properly.  Before  another 
rail  could  be  added,  the  failure  shown  in  the  photograph  took  place. 
It  is  one  in  which  a  whole  panel  between  two  of  the  vertical  stir- 
rups.seemed  to  shear  out  (using  the  word  in  its  proper  sense).  There 
was  no  indication  of  failure  by  diagonal  tension,  according  to  the 
usually  accepted  idea  of  shear;  and  the  failure  cannot  be  attributed 
to  horizontal  shear,  as  the  structure  of  the  exposed  concrete  shows 
that  the  stresses  were  solely  vertical  ones.  In  this  connection,  it 
should  be  noted  that  most  designers  give  the  horizontal  steel  its 
full  value  in  resisting  vertical  shear.  It  is  believed  that  this  method 
of  design  is  proved  to  be  of  doubtful  value  by  this  experiment. 

One  point,  clearly  brought  out,  is  that  a  type  of  failure,  which 
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Fig.  1.— Beam  which  Failed  by  Tension,  Compression  and  End  Shear,  simultaneously. 


Fig.  2.— View  showing  character  of  Failure  due  to  End  Shear. 
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has  not  generally  been  considered,  is  possible  when  numerous  stir-  Mr.  Goodrich. 

rups  are  used.     There  was  no  i^ulling  out  of  the  bottom  rod  from 

the  concrete  at  the  point  of  support,  and  there  was  perfect  action 

between  the  concrete  and  the  unattached  stirrups  in  this  case.     The 

failure  occurred  in  the  first  panel  away  from  the  abutment,  and  at  a 

load  far  less  than  the  longitvidinal  steel  would  carry  theoretically  in 

shear. 

One  special  point,  from  which  the  speaker  draws  some  consola- 
tion with  regard  to  this  test,  is  that  the  quantities  assumed  in  mak- 
ing up  the  design  were  so  well  balanced  that  the  three  principal 
types  of  failure  showed  themselves  almost  simultaneously.  This 
shows  that  all  parts  of  the  structure  were  consistently  proportioned 
and  that,  with  safe  loads,  all  parts  would  have  equal  factors  of 
safety.  Of  course,  with  better  concrete,  this  relation  would  not  be 
quite  so  close,  but  then  failures  would  have  taken  place  through 
tension,  and  the  other  parts  would  have  been  very  near  failure  as 
well.  Of  all  types,  a  failure  by  tension  is  least  to  be  feared,  as  the 
author  intimates.  However,  only  in  beams  with  very  low  percent- 
ages of  reinforcement  will  failure  occur  without  a  considerable 
crushing  occurring  after  the  steel  has  passed  its  elastic  limit. 

The  speaker  believes  that  the  tyi^e  of  reinforcement  he  has 
adopted  is  far  cheaper  than  that  advocated  by  the  author,  and  will  be 
even  more  efficient  in  some  cases.  The  experience  of  the  past  year, 
during  which  several  thousand  tons  of  such  reinforcement  were 
fabricated  and  worked  into  place  under  the  speaker's  direction,  has 
shown  that  steel  fabricated  and  ready  for  placing  costs  only  about 
$45  per  ton,  and  that  the  cost  of  placing  in  the  forms  is  less  than 
i  cent  per  lb. 

When  the  author  discusses  the  advantages  of  rigid  attachment  of 
web  members,  in  regard  to  fire  tests,  he  makes  a  statement  about 
"web  members  wrapped  around  the  tension  bars"  being  inadequate. 
To  this  the  speaker  takes  exception,  and  he  feels  that  the  test  of  the 
concrete  beam  illustrated  in  Figs.  3  and  4,  Plate  XXVIII,  tends  to 
prove  the  fallacy  of  the  author's  statement. 

The  speaker  thoroughly  agrees  with  the  author  in  all  that  he 
says  in  his  conclusion  about  the  advantages  of  having  web  reinforce- 
ment run  quite  to  the  tops  of  beams,  but  he  would  substitute  the 
word  "vertical"  for  "diagonal"  in  each  case. 

The  speaker  has  been  intensely  interested  in  this  subject  for  a 
long  time,  but  feels  that  there  is  more  experimental  work  available 
for  analysis  than  the  author  admits  in  his  last  paragraph. 

This  opportunity  is  taken  to  give  expression  to  a  gradually  grow- 
ing feeling,  on  the  speaker's  part,  that  much  of  the  analytical  work 
now  in  vogue  is  based  on  wrong  primary  assumptions.  At  least  one 
writer  of  a  book  on  the  subject  of  reinforced  concrete  has  hinted  at 


Mr.  Thacher. 
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Mr.  Goodrich,  the  same  thing,  and  an  engineer  of  some  eminence  has  lately  broached 
the  same  idea  in  a  paragraph  of  a  public  address  which  has  been 
printed  in  an  engineering  periodical. 

In  any  case,  the  thanks  of  the  profession  are  certainly  due  to 
Captain  Sewell  for  his  timely  and  scholarly  paper. 

Edwin  Thacher,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  has 
no  doubt  that  the  author's  Equation  0  will  give  as  reliable  results 
as  any  other  formula,  however  complicated,  provided  the  values, 
h  and  A,  are  well  established. 

As  noted  by  the  author :  "A  must  be  expressed  as  some  fraction 
of  the  area  of  concrete."  A  should  bear  such  relation  to  d  that  the 
strength  of  the  concrete  in  compression  is  equal  to  the  strength  of 
the  steel  in  tension.  If,  in  Equation  0,  the  values  of  A  and  T  be 
substituted,  it  becomes  M  =  h  d^,  which  is  simpler  still,  and  this  is 
the  formula  giving  the  moment  of  resistance  of  a  rectangular  con- 
crete-steel beam  which  has  been  used  quite  extensively  by  the  writer 
and  others  for  the  past  six  years.  It  was  first  published  in  the 
Transactions  of  the  Association  of  Civil  Engineers  of  Cornell  Uni- 
versity,* and,  since  then,  has  been  published  in  Cement/^  in  En- 
gineering News,X  and  in  a  pamphlet  issued  by  the  Concrete-Steel 
Engineering  Company,  and  is  quite  well  known.  In  the  same  pub- 
lications, formulas  are  given  for  the  ultimate  strength  of  beams, 

supported  at  the  ends  and  loaded  at  the  center,  in  terms  of  --;  for 

d? 
beams  uniformly  loaded,  in  terms  of  -„-•,  and  for  finding  the  depth  of 

beam  to  sustain  any  required  load,  I,  being  known.  Nothing  simpler 
is  possible  or  could  be  desired.  They  are  in  the  same  form,  and 
require  no  more  labor  in  calculation  than  formulas  for  wooden  beams. 

In  the  writer's  formulas,  the  stress-strain  line  is  considered  as 
straight,  but,  if  considered  as  a  parabola  or  any  other  curve,  the 
only  change  in  the  formulas  will  be  in  the  value  of  the  constant 
coefficient,  and  if  this  is  established  by  experiment  it  does  not 
matter  what  shape  of  stress-strain  curve  is  usual  in  calculation. 

In  the  formulas  above  noted  the  constant  coefficients  were  de- 
termined theoretically.  The  ultimate  strength  of  the  concrete  and 
steel  were  used;  also  such  values  of  E^  as  resulted  from  the  highest 
pressures  recorded.  From  the  results  of  such  tests  as  the  writer  has 
been  able  to  work  up,  he  has  had  no  occasion  to  change  the  values  of 
the  coefficients.  Five  sets  of  tests,  made  in  different  localities,  and 
by  different  men,  cover  a  variation  in  composition  of  concrete  from 
1 :  2 :  4  to  1 :  3 :  6,  a  variation  in  age  of  specimens  from  23  to  90  days, 
a  variation  in  ratio  of  length  to  depth  of  6.0  to  22.2,  a  variation  in 
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stren^h  of  metal  from  50  000  to  100  000  lb.  per  sq.  in.,  and  a  vari-  Mr.  Thacher. 
ation  in  percentage  of  metal  from  0.31  to  3.9  per  cent.  The  maxi- 
mum variation  between  actual  and  estimated  strength  in  no  case 
exceeded  16  per  cent.  The  mean  variation  for  any  one  set  of  tests 
in  no  case  exceeded  2.3%,  and  the  mean  variation  for  all  tests,  30  in 
number,  was  0.013%,  or  practically  zero. 

In  9  of  the  30  tests  the  reinforcing  bars  broke.  The  writer  does 
not  see  how  any  formula  for  ultimate  strength  of  concrete-steel 
beams  can  be  even  approximately  true  when  the  elastic  limit  of  the 
steel  is  used  in  the  formula,  unless  the  constant  coefficient  is  modi- 
fied to  compensate  therefor. 

The  elastic  limit  of  steel  is  about  six-tenths  of  its  ultimate 
strength.  Considere  and  Professor  Bach  state  that  the  elastic  limit 
of  concrete,  as  far  as  concrete  can  have  an  elastic  limit,  is  also  about 
six-tenths  of  its  ultimate  strength  in  compression,  so  that  it  appears 
to  the  writer  that  if  the  author  uses  the  elastic  limit  of  steel  in  his 
formulas  he  should  use  60%  instead  of  80%  of  the  crushing  strength 
of  the  concrete.  The  writer  agrees  with  the  author  that  it  would  be 
very  desirable  to  make  numerous  tests  of  beams  using,  say,  1:2:4 
and  1:3:6  concrete,  and  containing  various  percentages  of  steel 
reinforcement,  for  the  special  purpose  of  establishing  the  values 
of  h  in  his  Equation  0,  or  the  coefficient'  of  d^  in  the  writer's 
formula.  From  the  result  of  Professor  Hatt's  experiments,  the 
writer  drew  the  conclusion  that  if  the  amount  of  reinforce- 
ment is  double  what  it  should  be  to  equal  the  strength  of  the 
concrete  the  gain  in  strength  of  beam  due  to  lowering  the  position  of 
the  neutral  axis  will  be  about  20%,  and  if  the  value  of  Ec  is  doubled 
there  will  be  a  loss  of  strength  of  about  20  per  cent.  The  writer 
agrees  with  the  author  that  the  safe  loads  should  be  determined  by 
a  factor  of  safety,  for  the  breaking  loads  can  be  found  by  tests,  and, 
for  any  intermediate  loads,  the  value  of  Ec  is  constantly  changing. 
He  does  not  agree  with  him,  however,  regarding  the  factor  of  safety 
recommended,  that  is  to  say,  nothing  for  dead  load  and  4  for  live 
load.  If  there  is  anything  that  will  ultimately  bring  concrete-steel 
construction  into  disrepute  the  writer  believes  it  will  be  due  to  the 
reckless  method  of  proportioning  followed  by  some  constructors. 
The  writer  never  heard  of  a  bridge  or  an  arch  being  designed  with  a 
factor  of  safety  of  1  for  dead  load,  and  the  engineer  who  would 
undertake  it  would  probably  not  repeat  the  experiment.  The  writer 
beheves  that  if  cost  prohibits  a  factor  of  safety  of  at  least  3  for  both 
dead  and  live  loads  it  will  be  better  to  use  wood  or  some  other  cheap 
but  safe  construction.  The  investigations  and  formulas  of  the 
author  regarding  minimum  cost  are  interesting  and  instructive,  but 
the  writer  doubts  whether  they  will  find  much  practical  application, 
as  the  depth  of  beams  is  frequently  governed  by  practical  considers- 


*. 
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Mr.  Thacher.  ations,  and  the  minimum  percentage  of  steel  is  fixed  by  calculation, 
and  any  greater  amount  than  that  is  partially  wasted.  The  writer 
does  not  agree  with  the  author  that  the  attachment  of  the  web  rein- 
forcement to  the  horizontal  reinforcement  should  necessarily  be 
independent  of  the  concrete.  As  long  as  the  web  reinforcement  is 
attached  to  the  flange  reinforcement,  and  is  securely  clamped  thereto 
by  the  concrete,  no  movement  can  take  place,  and  all  conditions  are 
satisfied. 

If,  as  the  author  considers,  it  is  necessary  to  provide  steel  for  all 
shearing  stresses,  it  appears  to  the  writer  that  all  superfluous  parts 
of  the  concrete  should  be  removed,  resulting  in  what  is  known  as  the 
Visintini  system,  which  the  writer  considers  a  very  excellent  system, 
it  being  the  application  of  the  truss  principle  to  concrete-steel  con- 
struction. 
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forwarded  to  the  Secretary  prior  to  tlie  final  publication. 


ANTHONY  HOUOHTALING  BLAISDELL,  M.    Am.   Soc.  C.  E. 


Died  September  9tii,  1905. 


Anthonj'  Iloughtaliiig  Blaisdell  was  born  at  Coeymans,  Albany 
County,  New  York,  on  December  23d,  1848.  He  had  some  of  the 
best  Dutch  blood  in  the  country  in  his  veins.  On  his  mother's  side 
he  was  descended  from  Colonel  Anthony  Van  Bergen  (an  officer  in 
the  Eevolutionary  War)  and  on  his  father's  side  from  Levi  Blais- 
dell, of  Ames  bury,  Mass.,  who  entered  the  Revolutionary  Army  at 
sixteen  years  of  age  as  Ensign,  and  who,  at  the  close  of  the  war, 
settled  in  Coeymans,  where  his  descendants  still  possess  a  part  of 
the  old  land  grant  from  Charles  I. 

Mr.  Blaisdell  entered  Rensselaer  Polytechnic  Institute,  at  Troy, 
New  York,  at  the  age  of  eighteen,  and  was  graduated  therefrom  with 
high  standing  in  the  class  of  1870.  In  September  of  that  year  he 
entered  the  service  of  the  United  States  in  the  Engineer  Depart- 
ment, with  which,  to  a  greater  or  less  extent,  he  was  identified  during 
all  his  subsequent  career.  His  work  was  largely  upon  the  Missis- 
sippi and  its  tributaries,  and,  during  the  greater  portion  of  the 
time,  his  headquarters  were  in  St.  Louis,  Missouri.  He  rendered 
important  service  upon  the  construction  of  the  Des  Moines  Rapids 
Canal,  and  surveyed  and  helped  carry  on  improvements  on  several 
inland  rivers  west  of  the  Mississippi.  In  particular,  he  was  con- 
nected for  many  years  with  the  improvement  of  the  Missouri  River 
and  its  important  tributary,  the  Osage. 

Mr.  Blaisdell  was  an  expert  boat  builder,  especially  skilled  in  the 
ironwork  of  snagboats  and  other  craft  connected  with  river  improve- 
ment work,  and  several  of  these  important  boats  were  built  from  his 
designs. 

During  the  greater  part  of  his  service  with  the  Government  he 
was  the  Principal  Assistant  of  Colonel  Charles  R.  Suter,  Corps  of 
Engineers,  U.  S.  A.  He  also  served  with  Colonel  Amos  Stickney, 
and  to  a  less  extent  with  other  officers  of  the  Corps  of  Engineers. 

In  1879  Mr.  Blaisdell  went   into   the  private   business  of  boat 

building  in  St.  Louis,  under  the  firm  name  of  Allen  and  Blaisdell, 

and  continued  in  this  business  until  1885.     Owing  to  various  causes, 

this   undertaking  did  not  prove  successful,   and  Mr.   Blaisdell  re- 

*Memoir  prepared  by  H.  M.  Chittenden,  M.  Am.  Soc.  C.  E. 
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turned  to  the  Government  service  in  the  latter  year.  While  en- 
gaged in  private  business  Mr.  Blaisdell  was  a  most  active  and  useful 
citizen  in  both  edvicational  and  philanthropic  lines,  serving  for  three 
years  on  the  St.  Louis  Board  of  Education  and  leaving  everywhere 
marks  of  his  accurate  and  organizing  mind,  no  detail  being  too 
small  to  be  carefully  weighed  and  its  value  determined. 

In  his  professional  career  in  the  service  of  the  United  States 
Mr.  Blaisdell  was  one  of  its  most  trusted  employees.  He  was  a 
man  of  absolute  truthfulness  and  integrity  of  character,  an  earnest 
and  industrious  worker,  loyal  to  his  superiors,  and,  all  in  all,  one  of 
those  men  who  make  it  possible  for  their  employers  to  accomplish 
important  work.  Sincerity  marked  every  act  of  his  life.  He  was 
not  an  ambitious  man,  in  the  sense  of  endeavoring  to  reach  beyond 
the  positions  which  seemed  naturally  to  fall  to  his  lot,  and,  whether 
or  not  his  situation  promised  him  advancement,  it  made  no  differ- 
ence in  his  fidelity  to  duty.  He  was  thoroughly  beloved  by  all  his 
employers,  and  was  never  lacking  a  position  in  the  Government 
service  as  long  as  his  health  permitted  him  to  retain  one. 

In  1S78  Mr.  Blaisdell  married  Miss  Mary  McConnell,  of  Chicago, 
who  still  survives  him.  This  union  was  blest  with  two  children, 
one  of  whom,  Mr.  Robert  Van  Bergen  Blaisdell,  survives  him. 

Owing  to  declining  health  Mr.  Blaisdell  left  the  Government 
service  in  1903  and  returned  to  the  parental  estate  at  Coeymans, 
where  he  died  in  1905,  in  the  house  in  which  he  was  born. 

Mr.  Blaisdell  was  elected  a  member  of  the  American  Society  of 
Civil  Engineers  on  March  3d,  1880. 


GEORGE  DRAPER  STRATTON,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  November  21st,  1905. 


George  Draper  Stratton  was  born  in  Orange,  JSTew  Jersey,  on 
June  5th,  1870.  When  he  was  one  year  old  his  father  moved  with 
his  family  to  Newburgh,  New  York,  where  he  was  interested  in  the 
Washington  Iron  Foundry.  On  the  death  of  his  father,  in  1876, 
his  mother  moved  to  Riverside,  California,  with  her  children. 

At  the  age  of  15  he  was  forced  to  leave  school  in  order  to  help 
support  his  mother  and  sisters.  This  he  continued  to  do  until  his 
mother's  death,  in  1887. 

Mr.  Stratton  used  the  small  share  which  he  received  from  his 
mother's  estate  in  obtaining  a  college  education.     He  entered  Stan- 

*  Memoir  prepared  by  Charles  D.  Marx,  E.  M.  Bog^s,  Members,  Am.  Soc.  C.  E.,  and 
R.  M.  Drake.  Assoc.  M.  Am.  Soc.  C.  E.,  from  information  furnished  by  Mrs.  Stratton, 
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ford  University  iu  the  fall  of  1891,  with  the  pioneer  class,  as  a 
special  student.  By  hard  work  he  made  up  his  entrance  deficiencies, 
and  was  graduated  with  honor,  in  the  course  in  Civil  Engineering, 
in  May,  1895. 

He  at  once  commenced  the  practice  of  his  profession,  and,  after 
several  minor  engagements,  entered  the  service  of  the  Southern 
Pacific  Railroad  Company.  He  was  Assistant  Engineer  on  the 
Sacramento  Division  for  one  year,  and  was  then  made  Roadmaster 
at  Marysville.  Here  his  health  became  undermined  by  malaria, 
and  at  the  end  of  the  year  he  was  transferred  to  the  Western  Di- 
vision of  the  Southern  Pacific  Railroad,  with  headquarters  at  Oak- 
land, California.  He  remained  there  for  six  years,  or  until  death 
called  him,  on  November  21st,  1905.  His  record  as  Assistant  En- 
gineer and  as  Assistant  Resident  Engineer  was  excellent. 

Mr.  Stratton  was  married,  on  January  17th,  1899,  to  Miss 
Jeannie  Gift.  His  wife  and  a  daughter,  four  years  of  age,  sui-vive 
him. 

Mr.  Stratton  was  a  devoted  churchman.  Two  years  before  his 
death  he  became  a  vestryman  of  St.  Andrew's  Church,  Oakland. 
By  his  beautiful  example  while  occupying  that  office,  he  was  a 
source  of  great  help  to  many.  Mr.  Stratton  was  a  Mason  and  a 
Knight  Templar.  Among  his  associates,  both  business  and  social, 
he  was  much  beloved  for  his  fine  character  and  sweet  temper.  He 
was  ever  and  always  the  same  quiet,  even-tempered  man,  whose 
sincerity  and  loyalty  were  unfailing.  The  profession  has  lost  in 
him  a  good  engineer;  the  world,  a  good  man. 

Mr.  Stratton  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  October  4th,  1899. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


April  4th,  1906 — The  meeting  was  called  to  order  at  8.40  p.  M.; 
Vice-President  Emil  Kuichling  in  the  chair;  T.  J.  McMinn,  Assist- 
ant Secretary,  acting  as  Secretary;  and  present,  also,  152  members 
and  38  guests. 

The  minutes  of  the  meetings  of  March  7th  and  21st,  1906,  were 
approved  as  printed  in  Proceedings  for  March,  1906. 

A  paper,  entitled  "The  Panama  Canal,"  by  A.  G.  Menocal, 
M.  Am.  Soc.  C.  E.,  was  read  by  title,  and  the  Assistant  Secretary 
presented  some  additional  written  remarks  by  the  author,  and  also 
written  communications  on  the  subject  by  Messrs.  Clemens  Herschel 
and  George  B.  Francis.  The  paper  was  discussed  further  by 
Theodore  Paschke,  M.  Am.  Soc.  C.  E.,  and  the  author. 
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Ballots  for  membership  were  canvassed,  and  the  following  can- 
didates elected: 

As  Members. 

Carl  Gustap  Frosell,  Pencoyd,  Pa. 
Alexander  Haring,  New  York  City. 
Cicero  Demerit  Hill,  Chicago,  111. 
W1LLLA.M  Stephen  Menden,  Brooklyn,  N.  Y. 
John  Pranklln  Skinner,  Eochester,  IST.  Y. 
WiLLUM  Fish  Willums,  New  Bedford,  Mass. 

As  Associate  Members. 

Augustus  Rowley  Archer,  Jersey  City,  N.  J, 

Calvin  Lewis  Barton,  New  York  City. 

Horace  Corey  Booz,  Philadelphia,  Pa. 

Charles  Carroll  Boyer,  Kirbyville,  Tex. 

Wilfred  Atherton  Clapp,  Portland,  Me. 

Charles  Frank  Class,  Camden,  N.  J. 

John  Edw^ard  Conzelman,  St.  Louis,  Mo. 

Farley  Gannett,  Harrisburg,  Pa. 

Adelbert  Andrew  Henderson,  Pittsburg,  Pa. 

Frank  Scott  Howell,  Ellis  Island,  N.  Y. 

John  Imboden  Hudson,  Portsmouth,  Ohio. 

Howard  Elmer  Hyde,  Manila,  Philippine  Islands. 

Lindsey  Louin  Jewel,  Norfolk,  Va. 

Adolph  Judell,  Toana,  Nev.  "* 

Henry  Jacob  Kolb,  Brooklyn,  N.  Y. 

Earl  Brink  Lovell,  New  York  City. 

George  Franklin  Pawling,  Philadelphia,  Pa. 

WiLLLVM  Hendry  Prentice,  Jr.,  Muskogee,  Ind.  T. 

Benson  Bulkeley  Priest,  New  York  City. 

Arthur  Edwin  Roberts,  New  York  City. 

Henry  Chandlee  Turner,  New  York  City. 

Fred  J   Wagner,  Sylvan  Beach,  N.  Y. 

George  Roy  Wood,  Pittsburg,  Pa. 

As  Associate. 
Moise  De  Leon,  Atlanta,  Ga. 

The  Assistant  Secretary  announced: 

The  transfer  of  the  following  candidates,  by  the  Board  of  Direc- 
tion, on  April  3d,  1906 : 
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From  Associate  Member  to  Member. 

Edward  Fulbister  Kenney,  Philadelphia,  Pa. 
Elmer  Wayland  Ross,  Providence,  R.  I. 
Harry  Kent  Seltzer,  Austin,  Tex. 
Walter  Mickle  Smith,  Dover,  N.  J. 
James  Kjnapp  Wilkes,  New  Rochelle,  N".  Y. 


The  election  of  the  following  candidates,  by  the  Board  of  Di- 
rection : 

As  Juniors. 

On  March  6th,  1906: 

Harry  Clifford  Ford,  Portsmouth,  Va. 

PusEY  Jones,  New  York  City. 

Clifford  Marshall  King,  Rupert,  Idaho. 

Ralph  Ashur  Pike,  Mt.  Vernon,  N.  Y. 

Charles  Albert  Augustine  Steegmuller,  Long  Island  City, 

N.  Y. 
George  Linton  Watson,  Philadelphia,  Pa. 


On  April  3d,  1906 : 

Fred  Edward  Caldwell,  Newton,  N.  J. 

Charles  Lee  Doe,  Elizabeth,  N.  J. 

William  Sheppard  FitzRandolph,  New  York  City. 

Frederick  Hall  Fowler,  Slippery  Ford,  Cal. 

Henry  Le  Roy  Fryer,  Trenton,  N.  J. 

Walter  Leroy  Huber,  San  Francisco,  Cal. 

John  Aspin  Kienle,  Wilmington,  Del. 

Daniel  Bernard  O'Brien,  New  York  City. 

Charley  Evans  Shipman,  Billings,  Mont. 

Ford  Cushing  Smith,  New  York  City. 

Edward  Lee  Soule,  San  Francisco,  Cal. 

Samuel  Wilson,  Clean,  N.  Y. 

George  Creighton  Wright,  New  York  City. 


The  Assistant  Secretary  announced  the  following  death:    - 

Dunkin   Wirgman   Hemming,   elected   Associate   Member,    Sep- 
tember 7th,  1892;  Member,  May  31st,  1904;  died  March  22d,  1906. 

Adjourned. 
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April  i8th,  1906. — The  meeting  was  called  to  order  at  8:40  P.  M.; 
President  Frederic  P.  Stearns  in  the  chair;  T.  J.  McMinn,  Assistant 
Secretary,  acting  as  Secretary;  and  present,  also,  97  members  and 
20  guests. 

A  paper  by  L.  J.  Johnson,  M.  Am.  Soc.  C.  E.,  entitled  "  A  Com- 
plete Analysis  of  General  Flexure  in  a  Straight  Bar  of  Uniform  Cross- 
Section  "  was  presented   by  the    author. 

The  Assistant   Secretary  announced  the  following  deaths: 

Henry  Williams  Parkhurst,  elected  Member  September  5th, 
1877;  died  April  7th,  1906. 

Frederick  Appel  Hausman,  elected  Junior  February  3d,  1903; 
died  March  6th,  1906. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

April  3d,  1906 President  Stearns  in  the  chair;  T.  J.  McMinn, 

Assistant  Secretary,  acting  as  Secretary;  and  present,  also,  Messrs. 
Bissell,  Bowman,  Gibbs,  Gowen,  Kuichling,  Noble,  Schneider,  and 
Swensson. 

The  territory  occupied  by  the  membership  of  the  Society  was 
divided  into  seven  geographical  districts,  as  required  by  Art.  VII, 
Sec.  1,  of  the  Constitution.* 

Applications  were  considered,  and  other  routine  business  trans- 
acted. 

Five  Associate  Members  were  transferred  to  the  grade  of  Member, 
and  thirteen  candidates  for  Junior  were  elected.! 

Adjourned. 

*  See  page  142.       t  See  page  139. 


Affairs.]  ANNOUNCEMENTS.  141 


ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  May  2d,  1906. — 8.30  P.  M. — A  regular  business  meet- 
ing will  be  held.  Ballots  for  membership  will  be  canvassed,  and  a 
paper,  entitled  "The  Control  of  Hydraulic  Mining  in  California  by 
the  Federal  Government,"  by  William  W.  Harts,  M.  Am.  Soc.  C.  E., 
will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  February,  1906. 

Wednesday,  May  i6th,  1906.— 8.30  P.  M. — At  this  meeting  a 
paper,  entitled  "The  Scranton  Tunnel  of  the  Lackawanna  and 
Wyoming  Valley  Railroad,"  by  George  B.  Francis  and  W.  F.  Dennis, 
Members,  Am.  Soc,  C.  E.,  will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  March,  1906. 

Wednesday,  June  6th,  1906 — 8.30  p.  M. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper,  entitled  "Disposal  of  Municipal  Refuse,  and  Rub- 
bish Incineration,"  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  will  be 
presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

Wednesday,  September  5th,  1906 — 8.30  p.  M. — A  regular  busi- 
ness meeting  will  be  held.  Ballots  for  membership  will  be  can- 
vassed, and  a  paper,  entitled  "Concerning  the  Investigation  of  Over- 
loaded Bridges,"  by  Wilbur  J.  Watson,  M.  Am.  Soc.  C.  E.,  will  be 
presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  CONVENTION. 

■  The  Thirty-eighth  Annual  Convention  of  the  Society  wiU  be  held 
at  The  Hotel  Frontenac,  Thousand  Islands,  New  York,  on  June  26th 
to  29th,  1906. 

The  general  arrangements  for  the  Convention  are  in  the  hands 
of  the  following  Committee: 

Charles  S.  Gowen, 
John  W.  Ellis,  Morris  R.  Sherrerd, 

J.  Waldo  Smith,  Chas.  Warren  Hunt. 
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NOMINATING  COMMITTEE. 

Under  Article  VII,  Section  1,  of  the  Constitution,  the  Board  of 
Direction  has  divided  the  territory  occupied  by  the  membership  into 
seven  geographical  districts  for  the  purposes  of  the  Nominating 
Committee,  and  now  announces  this  division  to  the  membership. 

A  map  showing  the  new  subdivision  of  the  territory  is  printed  on 
the  opposite  page. 

District  No.  1. — The  territory  within  fifty  miles  of  the  Post  Office 
in  the  City  of  New  York. 

District  No.  2. — The  States  of  Maine,  New  Hampshire,  Vermont, 
Massachusetts,  Rhode  Island,  and  Connecticut 
(except  as  included  in  District  No.  1),  and  all 
countries  in  Europe  and  Africa. 

District  No.  S. — The  States  of  New  York  and  New  Jersey  (except 
as  included  in  District  No.  1),  the  States  of 
Michigan,  Wisconsin,  and  Minnesota,  the  Terri- 
tory of  Alaska,  and  the  Dominion  of  Canada. 

District  No.  Jf. — The  States  of  Pennsylvania,  Delaware,  and  Mary- 
land, and  the  District  of  Columbia. 

District  No.  5. — The  States  of  Ohio,  Indiana,  Illinois,  Iowa,  and 
Missouri. 

District  No.  6. — The  States  of  Virginia,  West  Virginia,  North 
Carolina,  South  Carolina,  Georgia,  Florida,  Ken- 
tucky, Tennessee,  Alabama,  Mississippi,  Arkan- 
sas, Louisiana,  and  Texas;  the  Territories  of 
Oklahoma  and  Indian  Territory;  the  Republic 
of  Mexico;  the  West  India  Islands;  and  all 
countries  in  Central  America  and  South 
America. 

District  No.  7. — The  States  of  North  Dakota,  South  Dakota, 
Nebraska,  Kansas,  Montana,  Wyoming,  Colo- 
rado, Idaho,  Utah,  Washington,  Oregon,  Cali- 
fornia, and  Nevada ;  the  following  Territories : 
New  Mexico,  Arizona,  Hawaii;  and  all  countries 
in  Asia  and  Australasia. 
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PRIVILEGES    OF    ENGINEERING     SOCIETIES 

EXTENDED  TO   MEMBERS   OF  THE 
AMERICAN    SOCIETY  OF   CIVIL    ENGINEERS. 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of 
their  Reading  Rooms  and  at  all  meetings: 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 

Newcastle-iqDon-Tyne,  England. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
England. 

American  Institute  of  Mining  Engineers,  99  John  Street,  New 
York  City. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Civil  Engineers'  Club  of  Cleveland,  1200  Scofield  Building,  Cleve- 
land, Ohio. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Philadelphia,  1122  Girard  Street,  Philadel- 
phia, Pa. 

Engineers'  Society  of  Western  Pennsylvania,  410  Penn  Avenue, 
Pittsburg,  Pa. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago, 
111. 

Louisiana  Engineering  Society,  (504  Tulane-ISTewcomb  Building, 
New  Orleans,  La. 

Engineers'  Club  of  Central  Pennsylvania,  Corner,  Second  and 
Walnut  Streets,  Harrisburg,  Pa. 

Engineers'  and  Architects'  Club  of  Louisville,  Ky.,  303  Norton 
Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 

Teknisk  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Societe  des  Ingenieurs  Civils  de  France,  19  Rue  Blanche,  Paris, 
France. 

Svenska  Teknologforenigen,  Brunkebergstorg  18,  Stockholm,  Swe- 
den. 

Institute  of  Marine  Engineers,  .58  Romford  Road,  Stratford,  Lon- 
don, E.,  England. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Sachsischer  Ingenieur=  und  Architekten-  Verein,  Dresden,  Ger- 
many. 

Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portu- 
gal. 


Affairs.]  ANNOUNCEMENTS.  145 

Pacific  Northwest  Society  of  Engineers,  617-618  Pioneer 
Buildin.ij:,  Seattle,  Wash. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London, 
W.  C,  England. 

Memphis  Engineering  Society,  ^Memphis.  Tenn. 

Oesterreichischer  ingenieur=  und  Architekten=Verein,  Eschen- 
bachgasse  9,  Vienna,  Anstria. 

The  Junior  Institution  of  Engineers,  39  Victoria  Street,  West- 
minster, S.  W.,  London,  England. 

Institution  of  Engineers  of  the  River  Plate,  Buenos  Aires,  Ar- 
gentine Republic. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Nether- 
lands. 

SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost 
to  the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information 
on  special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases  it 
is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the 
cost  of  searches  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involv- 
ing search  through  periodical  literature,  is  desired. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  Mai-ch  14th  to  April  7th,  1906. 
DONATIONS.* 
A  TREATISE  ON  PRODUCER-QAS  AND  QAS=PRODUCERS. 

By  Samuel  S.  Wyer.  Cloth,  9x6  in.,  illus.,  296  pp.  New  York, 
The  Engineering  and  Mining  Journal,  1906.     $4. 

The  preface  states  that  the  first  four  chapters  of  the  book  are  for  the  bene- 
fit of  readers  who  may  not  be  familiar  with  those  fundamental  laws  and  defi- 
nitions of  physics  and  applied  chemistry  upon  which  a  rational  discussion  of 
producer-gas  must  be  based.  Since  the  engineering  side  of  gas-producers  is  so 
closely  related  to  applied  chemistry,  temperatures  are  stated  either  in  Centigrade 
or  Fahrenheit  ;  however,  as  the  book  is  intended  primarily  for  engineers,  the 
Fahrenheit  scale  is  used  mostly.  The  book  contains  a  bibliography  of  gas- 
producers  of  fourteen  pages,  arranged  chronologically.  There  is  an  index  of 
five  and  one-half  pages.  The  Contents  are :  Fundamental  Physical  Laws  and 
Definitions ;  Fundamental  Chemical  Laws  and  Definitions ;  Thermal  and  Physi- 
cal Calculations  :  Commercial  Gases ;  Status  of  Producer-Gas  ;  Classification  of 
Gas-Producers  ;  Manufacture  and  Use  of  Producer-Gas ;  Use  of  Steam  in  Gas- 
Producers  ;  Carbon  Dioxide  in  Producer-Gas  ;  Efficiency  of  Gas-Producers  ;  Heat 
Balance  of  the  Gas-Producer ;  Fuel ;  Requirements ;  History  of  Gas-Producers ; 
American  Pressure  Producers  ;  American  Suction  Gas-Producers  ;  Gas-Cleaning  ; 
By-Product  Gas-Producers  ;  By-Product  Coke  Oven  Gas-Producers ;  Producer- 
Gas  for  Firing  Ceramic  Kilns ;  Producer-Gas  for  Firing  Steam  Boilers ;  "Wood 
Gas-Producers  ;  Removal  of  Tar  from  Gas ;  Gas-Producer  Power  Plants  ;  Opera- 
tion of  Gas-Producers ;  Testing  Gas-Producers ;  Future  of  the  Gas-Producer ; 
Gas-Poisoning  ;  Reference  Data  ;  Bibliography. 

METHODES    ECONOMIQUES    DE    COMBUSTION    DANS    LES    CHAUDIERES    A 
VAPEUR. 

Par  J.  Izart.  Paper,  10  x  6  in.,  illus.,  15  +  213  pp.  Paris,  H. 
Dunod  et  E.  Pinat,  1906.     7  francs  50  centimes. 

It  is  stated  that  this  work  continues  the  author's  series  of  studies  on  indus- 
trial economy,  and  is  meant  to  indicate  clearly  and  simply  the  methods  to  be 
followed  in  order  to  realize  an  economy  of  fuel.  The  second  part  of  the  volume 
contains  tables  and  formulas  which  are  said  to  be  valuable  to  the  engineer. 
There  are  five  general  divisions  in  the  contents  of  the  book  :  Etude  Economique 
de  la  combustion  ;  Pertes  et  rendement  dans  la  combustion  ;  Choix  d'un  combus- 
tible Economique :  Economic  dans  les  methodes  de  chauffe ;  Appareils  pour  le 
controle  de  la  chauffe.     There  is  an  alphabetical  index  of  five  pages. 

A  PRACTICAL  TREATISE  ON   FOUNDATIONS; 

Explaining  Eully  the  Principles  Involved,  Supplemented  by 
Articles  on  the  Use  of  Concrete  in  Foundations.  By  W.  M.  Patton. 
Second  Edition,  Enlarged.  Cloth,  9x6  in.,  illus.,  28  +  549  pp. 
New  York,  John  Wiley  &  Sons,  1906.     $5. 

The  preface  states  that  this  edition  has  been  enlarged  by  the  addition  of 
one  hundred  and  thirty-five  pages.  The  extensive  use  of  concrete  for  founda- 
tions receives  special  notice  and  alone  would  justify  the  addition.  Numerous 
descriptions  of  important  modern  structures  are  given  in  sufficient  detail  to 
make  them  understood.  The  index  to  the  addition  has  been  incorporated  with 
the  old  index,  and  the  whole  is  revised  so  that  the  numbers  now  refer  to  pages 
instead  of  to  articles  and  paragraphs,  as  before.  The  index  covers  fourteen 
pages. 

THE  OYSTER; 

A  Popular  Summary  of  a  Scientific  Study.  By  William  K. 
Brooks.  Second  and  Revised  Edition.  Cloth,  8x6  in.,  illus.,  14  + 
225  pp.     Baltimore,  The  Johns  Hopkins  Press,  1905.     $1. 

♦Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  pub- 
lisher. 
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It  Is  stated  in  the  preface  that  this  boolc  is  wi-itten  for  the  information  of 
all  who  care  for  oysters, — no  matter  whether  their  point  of  view  be  that  of  pro- 
viders or  consumers, — of  the  oysterman,  the  money-malver,  the  houselceeper,  the 
legislator,  the  editor,  or  the  student  of  natural  history.  It  is  the  purpose  of 
the  author  to  help  to  bring  about  a  practical  and  judicious  system 
of  oyster  farming  in  Maryland,  and  the  development  and  improve- 
ment of  the  natural  resources  of  the  waters  by  an  account  of  the  way  in  which 
the  structure  and  habits  of  the  oyster  fit  it  for  cultivation,  as  a  submarine  agri- 
cultural product.  It  is  stated  that,  in  this  edition,  no  essential  change  seems 
to  be  necessary,  and  most  of  the  new  matter  refers  to  minor  points,  with  one 
exception.  There  has  been  added  to  the  account  of  the  structure  of  the  oyster 
a  section  upon  its  peculiar  fitness  for  gathering  up  the  germs  of  cholera  and 
typhoid  fever  and  transmitting  them  to  man,  since,  it  is  stated,  the  importance 
of  clear  ideas  upon  this  subject  increases  with  the  growth  of  the  cities  and 
towns  upon  tidal  shores,  and  with  the  increasing  danger  of  the  pollution  of 
the  oyster  area  by  sewage.  The  book  contains  a  bibliography,  but  there  is  no 
Index. 

MAN  AND  THE   EARTH. 

By  Nathaniel  Southgate  Shaler.  Cloth,  8x5  in.,  6  +  240  pp. 
New  York,  Fox,  Duffield  and  Company,  1905.     $1.50  net. 

The  author  has  endeavored  to  set  forth  certain  reasons  why  there  should  be 
a  change  in  the  point  of  view  from  which  we  commonly  regard  the  resources 
of  the  earth,  with  the  hope  of  directing  attention  to  the  future  of  the  material 
values  of  the  earth.  The  author  notes  that  the  statements  concerning  the  min- 
eral and  other  material  resources  are  not  supported  by  statistics  in  these 
pages,  and,  although  the  stores  of  value  to  men  can  be  estimated  in  general 
terms,  there  is,  as  yet,  no  sufiBcient  basis  for  accurate  quantitative  reckonings. 
The  Contents  are :  Earth  and  Man ;  The  Future  of  Power ;  The  Exhaustion  of 
the  Metals ;  The  Unwon  Lands ;  Land  from  the  Waters ;  The  Problem  of  the 
Nile  ;  The  Maintenance  of  the  Soil  ;  The  Resources  of  the  Sea  ;  The  Changes  to 
Come  in  the  Human  Period  ;  The  Beauty  of  the  Earth  ;  The  Future  of  Nature 
upon  the  Earth  ;  The  Last  of  Earth  and  Man  ;  The  Attitude  of  Man  to  the  Earth — 
Summary  and   Conclusions.      There  is  an  index  of  five  and  one-half  pages. 

A   HANDBOOK   ON   REINFORCED  CONCRETE; 

For  Architects,  Engineers  and  Contractors.  By  F.  D.  Warren. 
Cloth,  7x4  in.,  illus.,  271  pp.  New  York,  D.  Van  Nostrand  Com- 
pany, 1906.     $2.50. 

The  preface  states  that  the  author  has  endeavored  to  produce  a  reference 
handbook  in  preference  to  a  textbook.  It  was  the  purpose  to  have  a  work  treat- 
ing of  a  general  form  of  design  rather  than  of  a  particular  or  patented  system, 
but  to  which  any  of  the  latter  may  be  applied.  The  treatment  of  the  many 
phases  entering  the  design  has  been  carried  out  along  well-known  formulas 
based  upon  the  theory  of  elasticity,  but  modified  by  the  usual  assumptions,  such 
as  the  "conservation  of  planes"  and  "Hookes'  Law,"  and  not  upon  empirical 
formulas  based  upon  experiments.  Attention  should  be  called  to  the  fact  that 
before  applying  the  theory  of  elasticity  to  any  particular  part  of  the  design,  a 
sufficient  number  of  tests  were  carried  out  along  this  basis  to  approve  it,  and 
determine  the  coefficients  and  constants.  The  book  is  divided  into  four  parts : 
Part  I  gives  a  general  but  concise  resume  of  the  subject  from  a  practical  stand- 
point, bringing  out  some  of  the  difficulties  met  with  in  practice,  and  suggesting 
remedies.  Under  Part  II  is  compiled  a  series  of  tests.  Part  III  contains  tables 
from  which  it  is  hoped  the  designer  may  obtain  all  necessary  information  to 
meet  the  more  common  cases  in  practice.  Part  IV  treats  of  the  design  of 
trussed  roofs  from  a  practical  standpoint.  There  is  a  table  of  contents,  but  no 
index. 

Gifts  have  also  been  received  from  the  following: 

Alaska  Mexican  Gold  Min.  Co.      2  pam.  Assam,    India — Public  Works  Dept.      1 

Alaska   United   Gold   Min.   Co.      1  pam.  pam. 

Am.  Gas  Light  Assoc.      1  bound  vol.  Augusta,  Ga. — Mayor.      1  vol. 

Am.    Mosquito    Extermination    Soc.      1  Baker,    I.   O.      1    vol. 

vol.  Beton    und  Eisen.      1   pam. 

Am.  Ry.  Eng.  and  M.  of  W.  Assoc.      1  Binghamton,    N.    Y. — Board    of    Water 

pam.,   1  vol.  Commrs.      3  pam. 

Am.    Street    and    Interurban   Ry.    Eng.  Brinckerhoff,  A.  G.      1  pam. 

Assoc.      1  vol.  Brit.   Fire   Prevention   Comm.      1   pam. 
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Burlington,  Vt. — City  Clerk.      1  vol. 
Burlington,   Vt. — Water  Dept.      1  pam. 
City  Club  of  New  York.      10  pam. 
Civil     Bngrs'.     Club     of    Cleveland.      1 

pam. 
Columbus,  Ohio — Board  of  Public  Serv- 
ice.     1  bound  vol. 
Columbus,    Ohio — Sewage   Testing   Sta- 
tion.     4  pam. 
Cumberland  Valley  R.  R.   Co.      1  pam. 
Delaware  &  Hudson  Co.      1  pam. 
Eng.  Assoc,  of  the  South.      1  vol. 
Eng.    News    Publishing    Co.      18   bound 

vol.,  6  vol.,   2  pam. 
Farley,  G.  P.      3  vol. 
Fitchburg,   Mass. — City  Engr.      1  pam. 
Francis,   G.   B.      1   pam. 
Ginn  &  Co.      1  pam. 
Glasgow    &    South-Western    Ry.    Co.      1 

pam. 
Graham.      1  pam.,  8  sheets. 
Grand    Rapids    &    Indiana    Ry.    Co.      1 

pam. 
Great      Britain — Under      Secretary      of 

State  for  India.      6  vol.,  19  pam. 
Green    Bay    &    Western    R.    R.    Co.      1 

pam. 
Holman,   M.   L.      1   pam. 
Indiana,    Illinois  &   Iowa  R.  R.   Co.      1 

pam. 
Inst,  of  Gas  Engrs.      1  bound  vol. 
Jamaica,    West    Indies — Public    Works 

Dept.      1   pam. 
Kgl.   Tech.    Hochschule   zu   Aachen.      1 

pam. 
Lake   Shore  &  Mich.   Southern  Ry.   Co. 

1    pam. 
Leominster,    Mass. — Water    Board.       1 

pam. 
Little    Falls,    N.    Y. — Board    of    Public 

Works.      1  vol. 
Madras,     India — Irrigation    Branch    of 

Public  Works  Dept.      1  bound  vol. 
Madras,  India — Public  Works  Dept.      1 

pam. 
Maine — Commr.  of  Highways.    1  bound 

vol. 
Mass. — Bureau  of   Statistics  of   Labor. 

1  bound  vol. 
Mass. — Charles  River  Basin  Comm.      1 

voL 


Mass.- — Highway  Comm.      1  bound  vol. 
Merchants'   Exchange   of   St.   Louis.      1 

vol. 
Mich.  Central  R.  R.  Co.     2  pam. 
Min.  Soc.  of  Nova  Scotia.      1  vol. 
Missouri   Pacific   Ry.   Co.      1  pam. 
National    Board    of    Fire    Underwriters 

Committee  of  Twenty.      2  pam. 
National  R.  R.  Co.  of  Mexico.      1  pam. 
New    Bedford,    Mass — Supt.   of   Streets. 

1  pam. 
New  Jersey — Commr.  of  Public  Roads. 

1  bound  vol. 
New    South    Wales — Govt.    Statistician. 

1  pam. 
New  South  Wales — Public  Works  Dept. 

1   pam. 
New   York    City — Board   of   Health.      1 

vol. 
New    York — State   Engr.   and   Surv.      1 

pam. 
Newberry,   S.  B.      2  pam. 
North,    E.   P.     12  pam.,   2   bound  vol., 

7  vol. 
Northern  Central  Ry.  Co.     1  pam. 
Ontario,     Canada — Registrar     Gen.       1 

voL 
Pennsylvania  R.  R.  Co.      1  pam. 
Pennsylvania  Univ.      1  vol. 
Piatt,   T.   C.      1   vol. 
Soc.  of  Naval  Arch,  and  Marine  Engrs. 

1  pam. 

Union  Coll.     1  vol. 

U.  S.  Bureau  of  Labor.      1  vol. 

U.  S.   Bureau  of  Soils.      10  bound  vol., 

2  pam. 

U.    S.    Bureau    of    Statistics.     1    bound 

vol.,   2  pam. 
U.  S.  Forest  Service.      1  pam. 
U.  S.  Geol.  Surv.      1  bound  vol.,  1  vol. 
U.    S.    Interstate   Commerce   Comm.     3 

bound  vol.,   3  pam. 
U.  S.  Lake  Surv.  Office.     1  map. 
U.    S.    War    Dept.     4    bound    vol..    14 

sDecif. 
Waddell,  J.  A.  L.      1  pam. 
Winnipeg,  Man. — City  Engr.      2  pam. 
Wis. — Geol.  and  Natural  History  Surv. 

2  bound  vol. 


BY  PURCHASE. 

Lippincott's  New  Gazetteer ;  a  Complete  Pronouncing  Gazetteer 
or  Geographical  Dictionary  of  the  World.  Edited  by  Angelo  and 
Louis  Heilprin.  Philadelphia  and  London,  J.  B.  Lippincott  Com- 
pany, loor;. 

Report  of  the  Royal  Commission  on  London  Traffic,  Vols.  V=VI. 

London,  Wyman  and  Sons,  Limited,  1906. 

The  Adjustment  of  Observations  by  the  Method  of  Least  Squares 
with  Applications  to  Geodetic  Work.  By  Thomas  Wallace  Wright 
and  John  Fillmore  Hayford,  Assoc.  M.  Am.  Soc.  C.  E.  Second 
Edition.     New  York,  D.  Van  Xostrand  Company,  1906. 

Coal=Tar  and  Ammonia.  By  George  Lunge.  Third  and  Enlarged 
Edition.     London,  Gurney  and  Jackson,  1900. 
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Building  Construction  and  Superintendence;  Part  III,  Trussed 
Roofs  and  Roof  Trusses.  By  F.  E.  Kidder.  New  York,  William 
T.  Coinstock,  lOdC). 

The  Biographical  Directory  of  the  Railway  Officials  of  America, 
1906.  Edited  and  Compiled  by  T.  A.  Busbey.  Chicago,  Kailway 
Age  Company,  190G. 

SUMMARY  OF  ACCESSIONS. 

March  14th  to  April  7th,  lOOG. 

Donations  (including  21  duplicates) 208 

By  purchase 7 

Total 215 
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MEMBERSHIP. 


ADDITIONS. 


MEMBERS. 


Anderson,  George  Gray.     Cons.  Engr.,   501    Equitable 
Bldg.,  Denver,  Colo 

Arango,  Kicardo  Manuel.   Div.  Engr. ,  Div.  of  \ 

Meteorology  and  River  Hydraulics,  Isth-  > 

mian  Canal  Comm.,  Panama,  Panama.       ' 

)  Jun. 
Baum,  George.     Supt.,  The  Niagara  Constr.  (  a  ^0^,^  lyi 

Co.,  Ltd.,  Niagara  Falls,  Ont.,  Canada..  \  yr 

Coombs,  Philip  Henry.     Civ.  Engr.   and  Surv.,    12   Ex- 
change Blk.,  Bangor,  Me 

Dabney,  Thomas  Gregory.    Chf.  Engr.,  Yazoo-Mississippi 
Delta  Levee  Dist.,  Clarksdale,  Miss 

Davis,  Arthur  Lincoln.     Asst.  to  Pi'es.,  Am.  ,  Jun. 

Bridge  Co.  of  N.  Y.,  42  Broadway,  New  >- Assoc.  M. 
York  City '  M. 

Dill,  Howard  Albert.     Engr.  and  Supt.,  Richmond  City 
Water  Works,   Richmond,  Ind 

Garlinghouse,  Frederick  Leman.     Glenshaw,  Pa 

Kenney,  Edward  Fulbister.     Engr.  of  Tests,  \  Jun. 

P.  R.  R.    Co.,  Broad   St.  Station,   Phil- t  Assoc.  M. 
adelphia.  Pa )  M. 

Lewerenz,    Alfred  Courtney.     Civ.    Engr.,  \  Jun. 

U.  S.  N.,  U.  S.  Navy  Yard,  Puget  Sound,  ^  Assoc.  M. 
Bremerton,  Wash )  M. 

Murray,   John   Francis.     25   South   34th   St.,    Philadel- 
phia, Pa 

NoRBOE,  Paul  Maningham.     Hanford,  Cal 

Proal,  Arthur  Breese,  Jr.     2643  Broadway,  New  York 
City 

SiLVA   Freire,    Victor  da.     P.   O.   Box   18,    Sao   Paulo, 
Brazil 

Skinner,    John  Franklin.     23  Cornell  St.,   Rochester, 
N.  Y 

Spooner,  Herman Winslow.     28  Granite  St.,  Gloucester, 
Mass 

SwEZEY,  Edwin  Charles.     2  59  Fifty-second  St.,  Brook- 
lyn, N.  Y.. 

Wilkes,  James  Knapp.     Chf.  Engr.  of  Sewers,  [  Assoc.  M. 
City  Hall,  New  Rochelle,  N.  Y f  M. 

Williams,  William  Fish.     City  Engr.,  S.  E.  cor.  Court 
and  Orchard  Sts.,  New  Bedford,  Mass 


Date  of 
Membership. 


Feb.  7,  1906 

Sept.  2,  1896 

Feb.  6,  1906 

Jan.  4,  1892 

April  5,  1899 

Mar.  6,  1906 

Mar.  7,  1906 


Jan. 
April 
Oct. 
Mar. 

Oct. 

Mar. 

Nov. 

May 

April 

Mar. 

June 

Mar. 

Mar. 

Nov. 


3,  1906 

4,  1893 
7,  1896 

6,  1906 

4,  1905 

7,  1906 
3,  1896 
3,  1899 
3,  1906 

5,  1895 

6,  1900 

6,  1906 

7,  1906 
1,  1905 


Mar.  7,  1906 

Jan.  3,  1906 

April  4,  1906 

Jan.  3,  1906 

Mar.  7,  1906 

June  3,  1891 

April  3,  1906 

April  4,  1906 
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Membees  {Continued). 

Date  of 
Membership. 

Wood,  Irving  Sparrow.     Asst.  Engr.  inChg.,  ^  Jun.  Mar.     5,  1890 

Water  Dept.,   City  Engr.'s   Office,    City  [  Assoc.  M.     Mar.     7,1900 

Hall,  Providence,  K.  I )  M.  Mar.     6,  1906 

ASSOCIATE     MEMBERS. 

AiKENHEAD,    James   Eay.      Asst.    Engr.,    Westinghouse, 

Church,  Kerr  &  Co.,  East  Liverpool,  Ohio Feb.      7,  1906 

Alexander,   Henry  James.     Asst.   Engr.,  Eapid  Transit 

Comm.,  231  West  125th  St.,  New  York  City Mar.     7,  1906 

BuEHLER,  Walter.     4:00  Oneida  Blk.,  Minneapolis,  Minn.     Mar.     7,  1906 

Class,    Charles  Frank.     Asst.    Chf.    Drafts-  . 

man.  Am.  Coke  &  Gas  Constr.  Co.  (Ees.,  p"^'  ^^^-      ^'  ^^^'^ 

1440   Kenwood  Ave.),  Camden,  N.  J j  Assoc.  M.     April    4,1906 

Estes,    Franklin   Edward.     Eincon    Antonio,    Oaxaca, 

Mexico Feb.      7,  1906 

Falter,  Philip  Henry.    Shawinigan  Falls,  Que.,  Canada.     Mar.     7,1906 

Goodell,  John  Stanton.     Asst.  Engr.,  G.  C.  &  S.  F.  Ey.. 

P.  O.  Box  472,  Cleburne,  Tex Mar.     7,  1906 

HoLTZMAN,  Stephen  Ford.     11  East  24th  St.,  New  York 

City Mar.     7,1906 

Howell,  Frank  Scott.     2394   Seventh   Ave.,  New  York 

City April    4,  1906 

Keith,  Charles  Whiteside.     209  Adams  St.,  Eoom  62, 

Chicago,  111 Mar.     7,  1906 

Leane,  Walter  Burditt.  Ees.  Engr.,  Fish  Eiver  Irri- 
gation Surveys,  Fish  Eiver  Station,  Cape  Colony, 
South  Africa Jan.      3,  1906 

Lee,    Elsworth   Mortimer.     Care,  Miller-Collins  Co.,  29 

Broadway,  New  York  City Mar.      7,  1906 

Leighton,    Marshall   Ora.      1330   F   St.,    Washington, 

D.  C Oct.      4,  1905 

LiNDAU,  Alfred  Emanuel.  Asst.  Engr.,  St.  Louis  Ex- 
panded Metal  Fireproofing  Co.,  606  Century  Bldg., 
St.  Louis,  Mo Jan.      3,  1906 

MuNN,  Alexander  Majors.     Nebraska  City,  Nebr Jan.      3,  1906 

Parker,  Eichard  Denny.     Ees.  Engr.,  Hous-  \ 

ton.  East  &  West  Tex.  Ey.,  and  Hous-  l'^^^'  '^'^^'^     ^'  ^^^^ 

ton  &  Shreveport  E.  E.,  Houston,  Tex. .  J  ^«««^-  ^-     ^^^^     7,  1906 

Robinson,  George  Loomis.      1  Madison  Ave.,  }  Jun.  April    5,  1904 

New  York  City f  Assoc.  M.     Mar.     7,  1906 

Stokes,  Stanley  Frederick.     Govt.  Engr.,  Mines  Dept., 

Johannesburg,  Transvaal,  South  Africa Oct.       4,  1905 

Sutton,  Charles  Wood.     337  Broad  St.,  Ches-  |  Jun.  Dec.      1,  1903 

ter.  Pa i  Assoc.  M.     Dec.     6,  1905 

Thayer,    Horace    Eichmond.     680    Ostrum   St.,  South 

Bethlehem,  Pa Mar.     7,  1906 


Date  of 
Membership. 
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Associate  Members  {Continued). 

Williams,   Eogek  Butler,  Jr.     Pres.,  Will-  ^ 

iams&  Whitman,   Inc.,  17  Battery  PL,  i*^^^^-  ^^^-      ^'  ^^^^ 

^^       ,.     ,  ^.^  Assoc.  M.     Mar.     7,  1906 

New  lork  City ' 

ASSOCIATES. 

Ambler,  Daniel  Griffith.  Hotel  Hamilton,  Washing- 
ton, D.  C Mar.     7,  1906 

Meriwether,    Coleman.       Pres.    and   Gen.    Mgr.,    Lock 

Joint  Pipe  Co.,  346  Broadway,  New  York  City Feb.      7,  1906 

JUNIORS. 

Blatch,  Nora  Stanton.  17  East  26th  St.,  New  York  City.  Mar.  6,1906 
Boniface,  Arthur.  605  East  139th  St.,  New  York  City. .  Jan.  2,  1906 
Bremer,  Lewis  Paul.  Webster  Ave.,  New  Eochelle,  N.  Y.  Feb.  6,1906 
Brown,  Arthur  Robert.     Care,  F.  B.  Maltby,  Cristobal, 

Canal  Zone,  Panama Jan.      2,  1906 

BusHNELL,    Howard    Emory.     115    Elm   St.,    Hartford, 

Conn Mar.     6,  1906 

Cadwalader,  Gouverneur.     Perry  Bldg.,  Philadelphia, 

Pa .' April     3,  1906 

Ford,  Harry  Clifford.     Box  131,  Portsmouth,  Va Mar.     6,  1906 

Fkazer,  James  Stanley.  56  Clark  St.,  Brooklyn,  N.  Y. .  Jan.  2,  1906 
French,    Eoger    DeLand.     432    N.    Center    St.,    Terre 

Haute,  Ind Mar.     6,  1906 

Jones,  Pusey.     Care,  N.  Y.  W.  &  B.  Ry.,  30  Broad  St., 

New  York  City Mar.     6,  1906 

King,  Clifford   Marshall.     Asst.  Engr.,  U.  S.  Recla- 
mation Service,  Rupert,  Idaho Mar.     6,  1906 

McNeil,    Arthur  James.     Box  462,  Whittier,    Los    An- 
geles Co.,  Cal Mar.     6,  1906 

Pike,  Ralph  Ashur.  145  N.  High  St.,  Mt.  Vernon,  N.  Y.  Mar.  6,  1906 
Reynolds,  Lafayette  Clowe.     311  North  Seventh  Ave., 

Mt.  Vernon,  N.  Y Feb.      6,  1906 

Steegmuller,  Charles  Albert  Augustine.     171  Elev- 
enth St.,  Long  Island  City,  N.  Y Mar.     6,  1906 

Stiles,  Albert  Irvine.     Cuerpo  de  Ingenieros  de  Minas, 

Apartado  949,  Lima,  Peru Feb.      6,  1906 

Watson,  George  Linton.     K4  Baxter  Bldg.,  Philadelphia, 

Pa Mar.     6,  1906 


DEATHS. 

Hausman,  Frederick  Appel.     Elected  Junior,  February  3d,  1903 ;  died 

March  6th,  1906. 
Hemming,   Dunkin  Wirgman.     Elected   Associate   Member,  September 

7th,  1892;  Member,  May  31st,  1904;  died  March  22d,  1906. 
Parkhurst,  Henry  Williams.     Elected  Member,  September  5th,  1877 ; 

died  April  7th,  1906. 
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LIST  OF  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  num- 
ber prefixed  to  each  journal  in  this  list. 

(1)  Journal,    Assoc.    Eng.    Soc,    257 

South  Fourth  St.,  Philadelphia, 
Pa.,  30c. 

(2)  Proceedings.      Engrs.      Club      of 

Phila.,  1122  Girard  St.,  Phila- 
delphia, Pa. 

(3)  Journal,  Franklin  Inst.,  Philadel- 

phia, Pa.,  50c. 

(4)  Journal,  Western    Soc.   of  Engrs., 

Monadnock  Block,  Chicago,  111. 

(5)  Transactions,    Can.    Soc.    C.    E., 

Montreal,  Que.,  Canada. 

(6)  School    of   Mines   Quarterly,    Co- 

lumbia Univ.,   New  York  City, 
50c. 

(7)  Technology  Quarterly,  Mass.  Inst. 

Tech.,  Boston,   Mass.,   75c. 

(8)  Stevens   Institute   Indicator,   Ste- 

vens Inst.,  Hoboken,  N.  J.,  50c. 

(9)  Engineering  Magazine,  New  York 

City,   25c. 

(10)  Gassier' s    Magazine,    New     York 

City,   25c. 

(11)  Engineering     (London),     W.     H. 

Wiley,  ^few  York  City,  25c. 

(12)  The    Engineer    (London),    Inter- 

national   News   Co.,    New  York 
City,  35c. 

(13)  Engineering     News,     New     York 

City.    15c. 

(14)  The     Engineering    Record,     New 

York  City,  12c. 

(15)  Railroad  Gazette,  New  York  City, 

10c. 

(16)  Engineering  and  Mining  Journal, 
New  York  City,  15c. 

(17)  Street     Railway     Journal, 
York    City.       Issues     for 

Saturday  of  each   month   20c., 
other    issues    10c. 

(18)  Railway     and     Engineering     Re- 

view, Chicago,  Til.,   10c. 

(19)  Scientific    American    Supplement, 

New  York  City,  10c. 

(20)  Iron  Age,  New  York  City,  10c. 

(21)  Railway  Engineer,  London,  Eng- 

land,  25c. 

(22)  Iron    and    Goal    Trades    Review, 

London,   England,   25c. 

(23)  Bulletin,  American  Iron  and  Steel 

Assoc,   Philadelphia,   Pa. 

(24)  American     Gas     Light     Journal, 

New  York   City,    10c. 

(25)  American    Engineer,    New    York 

City,  20c. 

(26)  Electrical  Review,  London,   Eng- 

land. 


New 
first 


(27)  Electrical  World  and  Engineer, 
New  York  City,   10c. 

(28)  Journal,  New  England  Water- 
Works   Assoc,   Boston,   $1. 

(29)  Journal.  Society  of  Arts,  Lon- 
don,   England,    15c. 

(30)  Annales  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium. 

(31)  Annaies  de  I' Assoc,  des  Ing. 
Sortis  des  Ecoles  Speciales  de 
Gand.  Brussels,  Belgium. 

(32)  Memoires  et  Compte  Rendu  des 
Travaux,     Soc.     Ing.     Civ.     de 

France,   Paris,  France. 
{33)   he  Genie  Civil,  Paris,  France. 

(34)  Portefeuille  Economique  des  Ma- 
chines. Paris,  France. 

(35)  Nouvelles  Annales  de  la  Con- 
struction, Paris,  France. 

(36)  La  Revue  Technique,  Paris, 
France. 

(37)  Revue  de  Mecanique,  Paris, 
France. 

(38)  Revue  Generale  des  Chemins  de 
Fer  et  des  Tramways,  Paris, 
France. 

(39)  Railway  Master  Mechanic,  Chi- 
cago,  111.,   10c. 

(40)  Railway  Age,  Chicago,  111.,  10c. 

(41)  Modern  Machinery,  Chicago,  111., 
10c. 

(42)  Proceedings,  Am.  Inst.  Elec. 
Engrs.,  New  York  City,  50c. 

(43)  Annales  des  Ponts  et  Chaussees, 
Paris,  France. 

(44)  Journal,  Military  Service  Insti- 
tution, Governor's  Island,  New 
York  Harbor,  50c. 

(45)  Mines  and  Minerals,  Scranton, 
Pa.,  20c. 

(46)  Scientific  American,  New  York 
City,   Sc 

(47)  Mechanical  Engineer,  Manches- 
ter, England. 

(48)  Zeitschrifi,  Verein  Deutscher  In- 
genieure,   Berlin,   Germany. 

(49)  Zeitschrift  fUr  Bauwesen,  Berlin, 
Germany. 

(50)  Stahl  und  Eisen,  Diisseldorf,  Ger- 
many. 

(51)  Deutsche  Bauzeitung,  Berlin, 
Germany. 

(52)  Rigasche  Industrie- Zeitung,  Riga, 
Russia. 

(53)  Zeitschrift,  Oesterreichischer  In- 
genieur  und  Architekten  Ver- 
ein, Vienna,  Austria. 
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(54)  Transactions,     Am.     Soc.     C.     E.,  (68)    Minifip     Journal,     London,     Eng- 

New  York  City,  $5.  land. 

(55)  Transactions,    Am.    Soc.    M.    E.,  (70)    Engineering    Review,    New    York 

New   York   City,   $10.  City,  10c. 

(56)  Transactions,     Am.      Inst.      Min.  (71)    Journal,     Iron     and    Steel     Inst., 

En^s.,  New  York  City,  $5.  London,  England. 

(57)  Colliery  Guardian,  London,  Eng-  (72)   Street  Railway  Review,  Chicago, 

land.  30c. 

(58)  Proceedings,    Eng.    Soc.    W.    Pa.,  (73)    Electrician,      London,      England, 

410  Peiin  Ave.,  Pittsburg,  Pa.,  18c. 

50c.  (74)    Transactions,    Inst,    of    Min.    and 

(59)  Transactions,     Mining     Inst,     of  Metal.,  London,   England. 

Scotland,     London     and     New-  (75)    Proceedings,       Inst.       of       Mech. 

castle-upon-Tyne,  England.  Engrs.,  London,  England. 

(60)  Municipal    Engineering,     Indian-  (76)    Brick,   Chicago,   10c. 

apolis,   Ind.,   25c.  (77)    Journal.  Inst.  Elec.  Engrs.,  Lon- 

(61)  Proceedings,      Western      Railway  don,  England. 

Club,    225    Dearborn    St.,    Chi-  (78)    Beton    und    Eisen,    Vienna,    Aus- 

cago,  111.,  25c.  tria. 

(62)  American  Manufacturer  and  Iron  (79)    Forscherarbeiten,     Vienna,     Aus- 

World,  59  Ninth  St.,  Pittsburg,  tria. 

Pa.  (80)    Tonindustrie-Zeitung,  Berlin,  Ger- 

(63)  Minutes   of  Proceedings,   Inst.   C.  many. 

E,  London,  England.  (81)    Zeitschrift    fiir    Architektur    und 

(64)  Power,  New  York  City,   20c.  Ingenieurwesen,         Wiesbaden, 

(65)  Official    Proceedings,    New    York  Germany. 

Railroad  Club,  Brooklyn,  N.  Y.,  (82)    Dinglers     Polytechnisches     Jour- 

15c.  nal,  Berlin,  Germany. 

(66)  Journal  of  Gas  Lighting,  London,  (83)    Progressive  Age,  New  York  City, 

England,   15c.  15c. 

(67)  Cement    and    Engineering    News, 

Chicago,    111.,   25c. 


LIST  OF  ARTICLES. 
Bridge. 

Strauss  Bascule  Bridges.*      (15)    Mar.  16. 

Reinforced  Concrete  Arch  Bridge  at  Peru,  Indiana.*  Daniel  B.  Luten.  (13) 
Mar.    22. 

Arch  Rib  Bridge  of  Reinforced  Concrete  at  Grand  Rapids,  Mich.*  George 
Jacob   Davis.       (13)    Mar.    22. 

The  Third  Street  Reinforced  Concrete  Bridge,   Dayton,   Ohio.*  (14)    Mar.   24. 

Rebuilding  the  Housatonic  River  Bridge  of  the  New  York,  New  Haven  &  Hart- 
ford  at   Sandy  Hook,   Conn.*      (15)    Mar.   30. 

Calcul  des   Fonts  Courbes.*      M.  Resal.      (43)    4e   Trimestre,   1905. 

Note  sur  un  Systeme  de  Pont  a  Arc  en  Charpente  et  a  Tirants  Metalliques.*  M. 
Thiolliere.       (43)    4e    Trimestre,    1905. 

Neue  Stettiner  Strassenbriicken.*      Benduhn.      (51)    Serial   beginning  Mar.   3. 

Berechnung  des  Kubikinhalts  von  Gewolben  mit  Schiefem  Stirnanzug.*  Alfred 
Wessely.      (53)    Mar.    16. 

Electrical. 

The  City  of  London  Works  of  the  Charing  Cross,   West  End,   and  City  Electric- 
ity  Supply    Company,    Limited.*      W.   H.    Patchell.      (77)    Feb. 
Telephone  Engineering.      J.   J.   Carty.      (42)    Mar. 
Some  Features  Affecting  the  Parallel  Operation  of  Synchronous  Motor-Generator 

Sets.      J.    B.   Taylor.       (42)    Mar. 
Electrolysis:   Topical  Discussion.      (28)    Mar. 
The   Electrical    Transmission    of   Power   over   Great   Distances.*      S.    M.   Kintner. 

(58)    Mar. 
Conduit   Wiring  for  Electric   Installations.      (Abstract   of   Paper   read   before  the 

Elec.   Contractors'   Assoc.)       (73)    Mar.    2. 
The    Operation   of    Circuit    Breakers    and    Fuses.*      E.    W.    Marchant    and   F.    A. 

Lawson.      (73)    Mar.    2. 
The  Works  of  Messrs.  Veritys,   Ltd.,   at  Aston.*      (26)    Serial  beginning  Mar.   2. 
Notes    on    the    American    System    of    Fuse    Standardization.*     Alfred    Schwartz. 

(26)    Mar.   2. 
Notes   on    Heavy    Electric    Switchgear.      J.    Whitcher.       (Abstract   of   Paper   read 

before   the   Rugby   Eng.    Soc.)       (47)    Mar.    3. 
A  Study  in  the  Design  of  a  500  KW.  Continuous-Current  Generator.      Max  Bres- 

lauer.      (73)    Serial  beginning  Mar.   9. 
Commutation  in  Single-Phase  Motors  at  Starting.*      Marius  Latour.      (27)    Mar. 

10. 
Paper  versus  Rubber  Insulation  for  Electric  Cables.*      W.  I.  Tamlyn,  Assoc.  Am. 

Inst.  E.  E.      (13)  Mar.  15. 

*  Illustrated. 
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Electrical— (Continued). 

Rotating  Tower  Crane  for  the  Dublin  Port  and  Docks  Board.*      (26)   Mar.  16. 

Two-Phase  Alternators  for  Johannesburg  Municipality.*      (26)    Mar.   16. 

The  Largest  Sub-Station  in  the  World   (Toronto  Terminal  Station).      (27)   Mar. 

17. 
New   Iron  Cored  Instruments  for  Alternate  Current  Working.     W.  E.  Sumpner. 

(24)    Mar.   19. 
The   Sill  Electricity  Works.*      (12)    Mar.   23. 

The  Shawinigan  Water  and  Power  Co.*      (26)    Serial  beginning  Mar.  23. 
Charging    Storage    Batteries   from   Alternating   Current   Circuits.*      F.    B.   Corey. 

(From  Paper  read  before  the  Ry.   Signal  Assoc.)       (18)    Mar.   24. 
The  Houston  Tex.,   Lighting  and  Power  Company.*      (27)    Mar.   24. 
The  Heating  Effect  of  the  Electric  Spark.      Henry  A.  Perkins.      (27)   Mar.  24. 
Circle  Diagram  of  Compensated  Series  Single-Phase  Motor.      E.  C.  Stone.      (27) 

Mar.  24. 
Electrical  Equipment  of  Wanamaker's  New  York  Store.*      (27)    Mar.  31. 
Speed    Characteristics    and   the   Control   of   Electric   Motors.*      Charles   F.    Scott. 

(9)   Apr. 
Simultaneous  Telegraphy  and  Telephony.*      J.   C.  Kelsey.      (39)    Apr. 
Elektrizitatswerk  "Feistritzhammer"  des   Blechwalzwerkes  der  Firma  C.  T.  Pet- 

zold  &   Co.   in   Krieglach.*      Gustav  Witz.      (53)    Feb.   28. 
Die    Elastische   Verbindung   der   Rotierenden    Massen   und    Ihr   Einfluss   auf   den 

Reguliervorgang   des   Motors.*      Philipp   Ehrlich.      (53)    Mar.    9. 
Versuche  mit  Schlagwettern  und  dem   Schlagwetterschutz  Elektrischer  Antriebe. 

H.  Hoffmann.      (48)    Serial  beginning  Mar.   24. 

Marine. 

The  P.  and  O.  Twin-Screw  Steamer  Mooltan*      (11)   Serial  beginning  Mar.  9. 

Motor  Boats.*      Bernard   B.  Redwood.      (29)    Mar.   23. 

The  Development  of  the  Torpedo-Boat  Destroyer.*  W.  J.  Harding.  (Paper 
read  before  the  Inst,  of  Marine  Engrs.)       (19)   Serial  beginning  Mar.  24. 

Note  sur  le  Developpement  de  I'Application  des  Turbines  a  Vapeur  a  la  Propul- 
sion  des   Navires.*      G.    Hart.      (32)    Jan. 

Les  Grands  Docks  Flottants.*      L.   Piaud.      (33)    Serial  beginning   Mar.   17. 

Der  Einfluss  der  Wassertiefe  auf  die  Geschwindigkeit  von  Torpedobootzerstorern.* 
Harold  Yarrow  and  W.  W.  Marriner.  (Abstract  of  Papers  read  before  the 
Inst,  of  Naval  Archts.)       (48)    Mar.  3. 

Mechanical. 

An  Investigation  to  Determine  the  Effects  of  Steam-Jacketing  upon  the  Effi- 
ciency of  a  Horizontal  Compound  Steam-Engine.*  A.  L.  Mellanby.  (75) 
June,    1905. 

The  Growth  of  Large  Gas-Engines  on  the  Continent.*  Rodolphe  E.  Mathot. 
(Tr.  fr.  the  French.)       (75)    June,   1905. 

The  Selection  of  Material  for  the  Construction  of  Hydraulic  Machinery.  Arthur 
Falkenau.      (3)   Mar. 

The  Fuel  Value  of  Some  Tennessee  and  Kentucky  Coals.*  Chas.  E.  Ferris. 
(Paper  presented  to  the  Eng.  Assoc,  of  the  South.)       (45)    Mar. 

Stresses  in  Hoisting  Ropes  Caused  by  Various  Kind  of  Stoppages.*  John 
Perry.  (Abstract  of  Paper  read  before  the  British  Assoc,  for  the  Advance- 
ment of  Science.      (45)    Mar. 

The  Effect  of  Admission  Pressure  on  the  Economy  of  Steam  Turbines.*  T. 
Stevens  and  H.  M.  Hobart.      (11)    Serial  beginning  Mar.  2. 

Dry  Process  of  Generating  Acetylene.*      (11)    Mar.   2. 

Foundry  Practice.  William  A.  Bole.  (From  Paper  read  before  the  Pittsburg 
Foundrymen's   Assoc.)       (22)    Mar.   2. 

The   Sentinel   Steam   Wagon.*      (12)    Mar.   9. 

Principles  and  Practice  of  Core-Making.  Robert  Buchanan.  (Abstract  of 
Paper  read  before  the  Staffordshire  Iron  and  Steel  Inst.)  (22)  Mar.  9;  (47) 
Mar.   17. 

Corrosion  and  Its  Effects  in  Steam  Boilers.*  William  H.  Fowler,  M.  Inst.  C.  E. 
(47)    Serial  beginning  Mar.    10. 

Season-Cracking  of  Brass  and  Bronze  Tubing.  Erwln  S.  Sperry.  (From  The 
Brass    World.)       (47)    Mar.   10. 

Foundry  Moulds  and  Their  Production.  E.  L.  Rhead.  (47)  Serial  beginning 
Mar.   10. 

A  Criticism  of  the  Dessau  Vertical  Retort  Setting  and  Working.  Thomas  Set- 
tle.     (66)    Mar.   13. 

New  Gas  Plant  at  Springfield,  Mass.*      (83)   Mar.  15. 

Remodeled  Gas  Works  at  Charlestown,  Mass.*  Samuel  J.  Fowler.  (Paper 
read  before  the  New  England  Assoc,  of  Gas.  Engrs.)  (83)  Mar.  15  ;  (24) 
Serial   beginning  Mar.    12. 

The  Manufacture  of  Brick  from   Shale.      (14)    Mar.   17. 

Gas,  Oil  and  Petrol  Engines.  Henry  N.  Bickerton.  (Abstract  of  Paper  read 
before  the  Manchester  Assoc,  of  Engrs.)       (47)   Mar.  17. 

»  Illustrated. 
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Mechanical —  ( Continued ) . 

Experiments   on   Surface   Condensation.*      James  Alex.    Smith.      (Paper   read   be- 
fore the  Victorian   Inst,  of  Engrs.)       (11)    Mar.    23. 
The   Pressure    of    Explosives :    Experiments    on    Solid    and    Gaseous    Explosives.* 

J.  E.  Petavel.      (19)    Serial  beginning  Mar.  24. 
An  Air-Compressor  Test.      John   Howatt.      (16)    Mar.   24. 
Common  Errors  in  the  Use  of  Electric  Motors  for  Machine  Driving.     W.  A.  Ker. 

(Paper  read  before  the  Inst,  of  Engrs.  and  Shipbuilders  in  Scotland.)       (47) 

Serial  beginning  Mar.  24. 
The  H.   W.   Caldwell  &  Son  Company's   New  Foundry.*      (20)    Mar.   29. 
The    Betterment    of    Power-Station    Economy    by    Electric    Auxiliaries.     Arthur 

S.   Mann.      (9)    Apr. 
Oils  and  Other  Lubricants.*      Augustus  H.  Gill.      (64)   Apr. 
Gas  Producers  for  Power.     Julius  I.  Wile.      (Abstract  of  Paper  read  before  the 

Technology  Club  of  Syracuse.)       (64)    Apr. 
Thermic  Considerations  of  a  Retort  Furnace.     D.  D.  Barnum.      (Paper  read  be- 
fore the  New  Eng.  Assoc,  of  Gas  Engrs.)       (24)   Apr.  2;    (83)   Apr.  2. 
By-Product  Coke  Oven  Plant  at  Camden,   N.   J.*      C.  G.  Atwater.      (83)    Apr.   2. 
Mail    Conveying    Apparatus    at    the    New    Chicago    Post-Offlce    Building.*      (13) 

Apr.  5. 
Comment  s'Exerce  I'Action  de  Parol  dans  les  Moteurs  a  Combustion  Interne.     L. 

Letombe.      (32)    Nov. 
La  Soudure  Autogene  des  Metaux.*      P.   Dumesnil.      (32)    Nov. 
Notes  sur  les  Conveyeurs.*      G.  Richard.      (37)  Feb. 
Essais  des   Moteurs  a   Gaz   et  a   Petrole.      R.   B.   Mathot  and   Ch.   de  Herbais   de 

Thun.      (37)    Feb. 
Machine  a  Vapeur  Horizontale  :   Systeme  Harris-Corliss.*     Jean  Gregoire.      (34) 

Mar. 
Turbines  a  Vapeur  "Union."      L.  Ramakers.      (33)    Mar.   3. 
Die     Entwickelung    der    Lokomobilen    von    R.     Wolf.*      Karl     Heilmann.      (48) 

Serial   beginning  Mar.   3. 
Das  Rateausche   Verfahren   zur   Verwertung  des   Abdampfes   von   Maschinen   mit 

Unterbrochenem  Betrieb.*      A.   Heller.      (48)    Mar.   10. 
Versuche   zur   Ermittelung  der   Durchbiegung  und   der  Widerstandsfahigkeit   von 

Scheibenkolben.*      C.    Bach.      (48)    Mar.    10. 

Metallurgical. 

The  Cactus  Mill  at  Newhouse,  Utah.*      Leroy  A.  Palmer.      (45)    Mar. 

The  Kalgurli  Gold  Mine  :  Description  of  the  Ore  Reduction  Plant  and  Process  of 

Reduction.     Robert  Allen.      (From   the   Monthly   Journal  of   the   Chamber   of 

Mines  of   Western   Australia.)       (68)    Serial    beginning  Mar.   10. 
The  Garfield   Smelter.*      L.   H.   Beason.      (16)    Mar.   17. 
A  New  Development   in   Dry  Blast :   The  Use   of  Water  to   Lower  Moisture   and 

Make  it  More  Uniform.*     A.  Steinhart.      (Paper  read  before  the  Technische 

Verein  of  Pittsburgh.)       (20)    Mar.   22. 
Description   of   the   Ore   Reduction   Plant   &   Process   of   Reduction   on   the   Great 

Boulder  Perseverance  Gold  Mine.*      Robert  Allen.      (From  Monthly  Journal  of 

Chamber  of  Mines  of  Western  Australia.)       (68)   Serial  beginning  Mar.  24. 
The   Baggaley  Pyritic-Conversion   Process.      (16)    Mar.   24. 

The  Quincy  Mine  Assay  Office.     C.  W.  McDougall.      (16)    Serial  beginning  Apr.  7. 
Ueber  die  Verarbeitung  Fliissigen  Roheisens  im  Basisch  Zngestellten  Martinofen. 

C.   Dichmann.      (50)    Serial   beginning   Dec.   1. 
Untersuchungen    iiber   die    Schmelzbarkeit    von    Hochofenschlacken.*     Mathesius. 

(SO)    Dec.  1. 
Technische   Fortschritte    im   Hochofenwesen.      Oskar    Simmersbach.      (50)    Serial 

beginning  Mar.  1. 

Military. 

The  Applications   of  Electricity  in  the  Royal   Gun  Factory,   Woolwich  Arsenal.* 

H.   C.   L.   Holden.      (77)    Feb. 
The  Pressure  of  Explosives:  Experiments  on  Solid  and  Gaseous  Explosives.*     J. 

E.  Petavel.      (19)    Serial  beginning  Mar.  24. 

Mining. 

Electric   Winding   Machines.      Paul   Habets.      (Tr.    fr.   the   French.)       (75)    June, 

1905. 
Late  Methods  of  Rib  Drawing.*     Elias   Phillips.      (Paper  read   before  the   Coal 

Min.   Inst,   of  America.)       (45)    Mar. 
The  Largest  Fan  in  Existence.*      (45)    Mar. 
The  Use  of  Electricity  in  Mines.     R.  G.  Mercer.      (Abstract  of  Paper  read  before 

the  Birmingham  &  Dist.   Elec.   Club.)       (73)    Mar.  16. 
How  to  Avoid   Accidents   with   Electrical   Machinery   in   Coal   Mines.     H.   Morton 

Middleton.      (57)    Mar.    16. 
Underground   Haulage   on   Curved   Roads.     W.    H.    Phillips.      (Lecture   delivered 

before  the  Nat.   Assoc,   of  Colliery  Mgrs.)       (22)    Mar.   23. 

*  Illustrated. 
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Mining— (Continued ) . 

Use  of  Cement  for  "Covering"  Purposes.*  Stanley  Nettleton.  (Paper  read  be- 
fore the  Nat.  Assoc,  of  Colliery  Mgrs.)       (22)    Mar.   23. 

The  Pressure  of  Explosives  :  Experiments  on  Solid  and  Gaseous  Explosives.*  J. 
E.    Petavel.      (19)    Serial   beginning   Mar.    24. 

Mono  Rails  in  Underground  Tramming.*  Wager  Bradford.  (Abstract  of  Paper 
in  Journal  of  South  African  Assoc,  of  Engrs.)  (16)  Mar.  24;  (68)  Mar. 
10. 

Coal  Mining  in  the  Indian  Territory.*      W.  R.  Crane.      (16)    Apr.   7. 

Miscellaneous. 

The   Finances  of  Engineering.     Wm.  D.   Marks.      (3)    Mar. 

Geology  in  Relation  to  Engineering.*  Stanley  C.  Bailey,  Assoc.  M.  Inst.  C.  E. 
(12)    Serial   beginning   Mar.    16. 

Municipal. 

Street  Lighting.      Haydn  T.  Harrison.      (77)    Feb. 

Work  with  Illumination  and  Street  Photometers.*  W.  E.  Caton.  (Paper  read 
before  the  Midland  Jun.  Gas  Assoc.)       (66)    Mar.   6. 

The  Dalrymple  Report  (on  the  Chicago  Situation  in  Regard  to  St.  Ry.  Owner- 
ship.)      (17)    Mar.   17. 

Railroad. 

Superheaters    Applied    to    Locomotives    on    the    Belgian    State    Railways.*      J.    B. 

Flamme.      (Tr.   fr.  the  French.)       (75)    June,  1905. 
The   Puget   Sound   Electric  Railway.*      (72)    Mar. 
New   Designs  of  Third  Rail   Shoe  and   Sleet  Cutter.*      (72)    Mar. 
The  Simplon  Route  to  Italy.*      (21)   Serial  beginning  Mar. 
Cole's  Compound  "Atlantic"  Express  Locomotive;  Pennsylvania  Railroad.*      (21) 

Mar. 
Neasden   and   Northolt  Railway.*      Chas.   S.   Lake.      (21)    Mar. 
Express  Goods   Locomotives,    4-6-0   Type ;   Great  Southern  &   Western   Railway.* 

(21)    Mar. 
Steel  Cross  Ties.*      W.  F.  Miller.      (58)    Mar. 
The  Works   of  the   English   McKenna   Process    Company    (for   making   new   rails 

from  old  ones).*      (11)    Serial  beginning  Mar.  2. 
Flatbush  Avenue  Terminal,   Long  Island   Railroad.*      (40)    Mar.   9. 
New   Four-Cylinder   Compound    Locomotives   for    the    Great   Western   Railway   of 

England.      Charles    R.    King.      (40)    Mar.    9. 
Projected   International  Railways.*      (12)    Serial  beginning  Mar.   9. 
Compound    Express  Locomotive,    Midland   Railway.*      (12)    Mar.    9. 
Reinforced  Concrete  Subways  on  the  Chicago,   Burlington  &   Quincy  Ry.*      (14) 

Mar.    10. 
Plank  Road  Shops,  Public  Service  Corporation  of  New  Jersey.*      (18)  Mar.  10. 
Fast  Passenger  Locomotive  for   Heavy   Service  ;   Chicago,   Milwaukee  &   St.   Paul 

Ry.*      (13)    Mar.    15. 
The    Design    of    Yards    for    Classifying    Freight    Cars.*      W.    A.    MacCart.      (13) 

Mar.  15. 
Frogs  without  Guard  Rails.*      (13)  Mar.  15. 
The   Darlington   Locomotive   Shops  of  the   North   Eastern   Railway   of  England.* 

(40)   Mar.  16. 
Heavy   American    Type    Locomotive    for    the    Central    Railroad    of    New    Jersey.* 

(40)    Mar.  16. 
Large  Electric  and  Steam  Locomotives.      J.  E.  Muhlfeld.      (65)   Feb.   16. 
The  Western  Maryland  Extension  from   Cherry  Run  to  Cumberland.*      Ralph  C. 

Davison.       (15)    Mar.   16. 
East  Altoona  Engine  Terminal  of  the  Pennsylvania.*      Rodney  Hitt.      (15)    Mar. 

16. 
The  Chicago   &  Eastern   Illinois  1905   Improvements.*      (15)    Mar.   16. 
Lackawanna    Third    Track    Work    at    Scranton,    Pennsylvania.*      Hugh    Rankin. 

(15)    Mar.   16. 
Building  the  Brooklyn  Subway.*      George  L.  Fowler.      (15)    Mar.  16. 
Specifications  for   Steel  Rails.      (15)    Mar.   16. 
The  Shirley  Plant  of  the  Columbia  Creosoting  Company   (for  R.  R.  ties).*      (15) 

Mar.  16. 
A  New  French  Pneumatic  Interlocking  Machine.*      (18)    Mar.   17. 
Selection   of   a   Railway   Bridge  Paint.      W.   B.   Parker.      (Paper   read   before  the 

Assoc,   of  M.   of  W.   Master  Painters.)       (18)    Mar.   17. 
Competition    between    Water    and    Railway    Transportation    Lines    in    the    United 

States.      Frank  Haigh   Dixon.      (13)    Mar.   22. 
Ash  Handling  Plants  at  Railway  Ash  Pits.*      (13)    Mar.   22. 
Summit  or  Hump  Yards  for  Gravity  Switching.*      (13)   Mar.  22. 
Single-Phase   Electric   Equipment   for   the    New   York   Terminal    Division    of   the 

New  York,  New  Haven  &  Hartford  R.  R.*      (13)   Mar.  22;    (14)   Mar.  24. 
Grade  Separation  at  Cleveland,  Ohio.*      Geo.  H.   Tinker.      (15)    Mar.   23. 
The  New  Westinghouse   "K"  Triple  Valve.*      (15)    Mar.   23;    (25)    Apr. 

*  Illustrated. 
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Railroad— (Continued). 

Santa  Fe  Standard  Concrete  Depots.*      (40)    Mar.   23. 
Fireproof  Ferry   Structure  of  the  Lackawanna.*      (40)    Mar.  23. 
Reports  and  Discussions   (on  railroad  equipment),  Maintenance  of  Way  Associa- 
tion.*     (Abstract  of  Rept.  presented  at  the  annual  meeting.)      (40)  Mar.  23; 

(18)    Mar.   24;    (15)    Mar.  30. 
Recent  Belgian  and  German  Tank  Locomotives.*      (40)   Mar.  23. 
Colorado  River  Crevasse:   Salton  Sea:   Southern  Pacific  Tracks.      (40)    Mar.  23. 
New  Grain  Elevator  for  the  Santa  Fe  System  at  Chicago.*      (40)   Mar.  23. 
Wabash   Improvements  East.*      (40)    Mar.   23. 
The  Santa  Fe's  Modern  Timber   Treating  Plant  at  Somerville.*     G.  B.  Shipley. 

(40)   Mar.   23. 
Chicago  &  Western  Indiana  Track  Elevation  at  Chicago.*      (40)  Mar.  23. 
Vandalia  Track  Elevation  at  Indianapolis.*      (40)    Mar.   23. 
Standard    Specifications   for   Signals,    Stone   Masonry   Right-of-Way   Fences   with 

Wooden  Posts  and  Bridge  and  Trestle  Timber  (adopted  by  the  Amer.  Ry.  Eng. 

and  M.  of  W.  Assoc).      (18)   Mar.  24. 
Interlocking  on  the  Lackawanna  at  Roseville.*      (IS)   Mar.  30. 
Pacific  Type  Locomotive  for  the  Southern  Railway.*      (40)    Mar.  30  ;    (25)   Apr. 
Coal  Handling  in  the  Chicago  Subway.*      (14)   Mar.  31. 
Experimental  Single-Phase  Installations  for  the  Swedish  State  Railways.*      (17) 

Mar.   31. 
Recent    British    Locomotive    Engineering.*     Charles   Rous-Marten.      (10)    Serial 

beginning  Apr. 
A  New  Type  of  Round  House.      (39)   Apr. 
Kingsland  Shops:  D.,  L.  &  W.  R.  R.*      (39)   Apr. 

South  Altoona  Foundries:  Pennsylvania  R.  R.*      (25)    Serial  beginning  Apr. 
Standardizing  Locomotive  Equipment:  Canadian  Pacific  Ry.      (25)   Apr. 
The  Mellin  Compound.*      Hal  R.  Stafford.      (25)   Apr. 
Riegel  Water  Tube  Locomotive  Boiler.*      (25)    Apr. 
The  Long   Island  Power  Station  of  the  Pennsylvania,  New  York  &  Long  Island 

Railroad.*      (64)    Apr. 
The  Long  Island  City  Power  Station.*      (20)   Serial  beginning  Apr.  5. 
A  New  Method  of  Rock  Tunneling  under  City  Streets.*     Frank  Richards.      (13) 

The  Pennsylvania  Railroad's  Extension  to  New  York  and  Long  Island.*  (15) 
Serial   beginning  Apr.    6.  .-      .         » 

The  New  Bergen  Hill  Tunnel  of  the  Lackawanna.*      J.  H.  Philips.      (15)   Apr.  6. 

Test  of  the  Sauvage  Air   Brake.*      Geo.  L.   Fowler.      (15)    Apr.   6. 

Electric  Traction  on  Main  Line  Railways  in  Europe.  Philip  Dawson,  M.  Inst. 
C.   E.      (17)    Apr.   7.  ^     ^ 

The  Pennsylvania  Railroad's  Extension  to  New  York  and  Long  Island  :  The  Long 
Island  City  Power  Station.*      (17)   Apr.  7;    (46)   Serial  beginning  Apr.  7. 

Rapport  sur   les  Travaux  du  Tunnel   du   Simplon.     M.   Jacquier.      (43)    4e    Tri- 

Essais  de  Traction  Electrique  entre  les  Gares  de  la  Motte-les-Bains  et  la  Motte- 
d'Aveillans  sur  une  Longeur  Totale  de  6k635  metres.  P.  Dumas.  (43)  4e 
Trimestre,   1905. 

Les  Voitures  a  Six  Roues  et  la  Suspension  Compensatrice  du  Capitalne  Lin- 
decker.*      Le  Gavrian.      (43)    4e    Trimestre.   190.5. 

Les  Oscillations  du  Materiel  des  Chemins  de  Fer  k  I'Entrge  en  Courbe  et  a  la 
Sortie.*      Georges   Marie.      (32)    Nov. 

Le  Funiculaire  Electrique  de  Nancy.*      G.  E.  Bernardet.      (32)    Jan. 

Note  sur  le  Materiel  de  la  Compagnie  des  Wagons-Lits  a  I'Exposition  Interna- 
tionale de  Liege,  en  1905.*      M.  Gain.      (36)    Mar. 

Locomotives    (en  Amerique).*      M.  Asselin  and  Georges  Collin.      (36)   Mar. 

Locomotives  Electriques  pour  le  Tunnel  du  Simplon.*      S.  Herzog.      (33)  Mar.  10. 

Sous-Station  de  Transformation  d'Energie  Electrique  de  la  Gare  Saint-Lazare,  a 
Paris.*      J.  Vinson.      (33)    Mar.  17.  .,.„,.,  .x     x.         « 

Die  Neuen  Strecken  der  Berliner  Hoch-  und  Untergrundbahn  in  Charlottenburg." 
(82)    Mar.  3. 

Der  Eiserne  Oberbau.      (50)    Mar.  15.  ^    „     ^.  ,>o^ 

Die  Weichen  Amerikanischer  Eisenbahnen.*  Dr.  Blum  and  E.  Giese.  (48) 
Mar.   17. 

Railroad,  Street. 

The  Dartmouth  &  Westport  Street  Railway.*      (72)   Mar. 

The  London  County  Council  Tramway  Power  Station  at  Greenwich.*  (11) 
Serial  beginning  Mar.  2.  ,,.,,.        ^^     „, 

The  Radial  Truck.*  C.  A.  Carus-Wilson.  (Lecture  delivered  before  the  Tram- 
ways  and   Light  Rys.  Assoc.)      (11)    Mar.   16. 

The  Manila  Electric  Railway.*      (18)    Mar.   17.  ,    „       .. 

Drying  Sand  for  Sanding  Rails  in  the  Borough  of  Manhattan.*  W.  Boardman 
Reed.      (17)   Mar.  31. 

*  Illustrated. 
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Railroad,  Street— ^Continued). 

The  Couditiou  of  the  Air  of  the  Rapid  Transit  Subway.      George  A.  Soper,  M.  Am. 

Soc.   C.    E.      (Abstract  of   Paper  presented   before  the   N.    Y.   Acad,   of  Med.) 

(17)    Mar.    31. 
Baker  Street  &  Waterloo   Railway  of  London.*      (17)    Apr.   7. 

Sanitary. 

Plumbing  in  the  Commercial  High  School,  Brooklyn,  New  York.*      (70)   Mar. 
Sewage    Ejector    System    for    the   Town    of   West   Orange,    New    Jersey,    Showing 

Method   of   Ejecting   Sewage.*      (70)    Mar. 
Sizes  of  Mains   for  Low  Pressure  Steam   Heating  Apparatus.      (70)    Mar. 
Some  Data  Relating  to  the  Heating  of  the  Edgar  P.   Smith  House,   Dormitories, 

University   Pennsylvania.*      H.    W.    Spangler.      (3)    Mar. 
Method   and   Cost   of  Constructing  Cement  Pipe   in   Place.*      Halbert  P.   Gillette. 

(14)    Mar.   10. 
Sewage  Purification  and  Refuse  Incineration  Plant,  Marion,  Ohio.*      Geo.  H.  Pier- 
son.      (14)    Mar.    17. 
The  Sewerage  System  of  Centerville,   Iowa.      (14)    Mar.    24. 
Report  of  Sewage  Purification  Experiments  at  Columbus,  O.      (13)   Mar.  29. 
Breakage    in    Sewer    Conduits :     Its    Cause,    Effect    and    Prevention.      Alexander 

Potter.      (Paper  read  before  the  San.  Section  of  the  Boston  Soc.  C.  E.)       (60) 

Apr. 
The  Drainage  of  the  Florida  Everglades.      S.  L.  Lupfer.      (13)    Apr.   5. 
Le   Nouveau   Collecteur   et   la   Station   d'Epuration   des   Eaux   d'Egouts   de   Ham- 

bourg.*      (33)    Mar.    24. 

Structural. 

The  Strength  of  Columns.*      W.  E.  Lilly.      (75)    June,   1905. 

Ferro-Concrete,  and  Some  of  Its  Most  Characteristic  Applications  in  Belgium.* 
Ed.   Noaillon.      (Tr.  fr.  the  French.)       (75)    June,  1905. 

On  the  Testing  of  Cast-iron  and  Other  Materials  by  the  Ewing  Permeability 
Bridge.  Albert  Campbell.  (Rept.  of  research  work  carried  out  at  the  Na- 
tional  Physical   Laboratory.)       (77)    Feb. 

Goods  Offices,  Paddington  ;  Great  Western  Railway.*      (21)    Mar. 

Travelling  Stages  for  Removal  of  Roof  at  Charing  Cross  Station.*      (11)   Mar.  9. 

The  Novel  Methods  of  Excavating  Building  Sites  in  Chicago.*      (14)   Mar.  10. 

Experiences  in  Water-Proofing  Concrete,  U.  S.  Fortification  Work.*  (13)  Mar. 
15. 

The  Design  of  Concrete-Steel  Beams  and  Slabs.      Edward  Godfrey.      (13)   Mar.  15. 

Construction  of  the  Title  Guarantee  and  Trust  Company  Building,  New  York.* 
(14)    Mar.    17. 

A  Revolving  Tower  Derrick  for  Erecting  Buildings.*      (14)   Mar.  17. 

Special  Column  and  Girder  Details  in  the  Office  Building  of  the  New  York  Cen- 
tral  Lines.*      (14)    Mar.    17. 

Shop  Hints  for  Structural  Draftsmen.*  John  C.  Moses.  (13)  Serial  beginning 
Mar.    22. 

Difficult  Shoring  Work   for   Buildings   in   Chicago.*      (14)    Mar.   24. 

Difficult  Reconstruction  of  a  Church  Roof  (Reformed  Church  on  the  Heights, 
Brooklyn).*      (14)    Mar.  31. 

The  Erection  of  the   Mercantile  Marine  Building.*      (14)    Mar.   31. 

Concrete  Building  Blocks.      S.  B.  Newberry.      (60)   Apr. 

Querschnittsabmessungen  von  Schornsteinen  aus  Eisenbeton.  (78)  Serial  be- 
ginning  Mar. 

Schlackenzement  und  M^erwasser.      (80)    Mar.   17. 

Water  Supply. 

Water   Pressure   Regulators.     A.    O.    Doane.      (28)    Mar. 

Electrolysis:   Topical   Discussion.      (28)    Mar. 

Electric  Pumping  at  Schnectady,   N.  Y.      G.  S.   Hook.      (28)    Mar. 

Method   and   Cost  of   Constructing  Cement  Pipe   in   Place.*      Halbert   P.   Gillette. 

(14)   Mar.  10. 
The  Relation   of   Sedimentation   and  Acid   Mine  Wastes  to  the   Potability  of  the 

Lower  Monongahela  River.      S.  J.   Lewis.      (13)   Mar.  15. 
A  10  000-HP.  Single- Wheel  Turbine  at   Snoqualmie  Falls,  Wash.*    Arthur  Gies- 

ler.      (13)    Mar.    22. 
The  Shawinigan  Water  and  Power  Co.*      (26)   Serial  beginning  Mar.  23. 
Experiments    with    Copper-Iron    Sulphate    for    Water    Purification    at    Marietta, 

Ohio.      (14)    Mar.    24. 
The    Hydraulic    Testing    Laboratory    of    the    Worcester    Polytechnic    Institute.* 

Charles   M.    Allen.      (14)    Mar.    31. 
Reservoir  at  Ft.  Meade,  S.  D.*      S.  H.  Rea.      (60)    Apr. 
Die  Prufung  von  Ton-  und  Zementrohren.*      (78)    Serial  beginning  Mar. 
Hochbehalter   in   Eisenbeton,    1  000  m^    Nutzinhalt,   der   Stadt   Iserlohn   in  West- 

falen.*      Baumstark.      (78)    Mar. 
Die  Druckverhaltnisse  in  einer  um  eine  Horizontale  Achse  Rotierenden  Wasser- 

masse   und   der  Achsiale   Schub   bei  Francis-Turbinen  mit  Liegender   Welle.* 

Karl  Kobes.      (53)    Mar.   2.  

•  Illustrated. 
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Waterways. 

The  Navigable  Waterways  of   India.     Robert  Burton  Buckley.      (29)    Mar.   2. 
Experiments  on  the  Amount  of  Heat  Required  to  Prevent  Ice  Formation  on  the 

Steel  Lock  Gates  of  the  Charles  River  Dam.*     Walton  H.  Sears.      (13)   Mar. 

15. 
Trent  Valley  Canal  Hydraulic  Lift-Lock.*     J.   J.  Bell.      (11)   Mar.  16. 
Competition    Between   Water   and    Railway    Transportation   Lines    in   the   United 

States.      Prank   Haigh   Dixon.      (13)    Mar.   22. 
The   Diamond   Shoals   Lighthouse.*      (46)    Mar.   24. 
Port  d'Anvers :  Construction  de  2  000  Metres  de  Quai  en  Rividre  au  Sud  d'An- 

vers  en  Prolongement  des  Quais  Existants  a  I'Escaut.      (30)   Feb. 
Les  Etablissements  Maritimes  de  la  Ville  d'Anvers :  Construction  de  la  Nouvella 

Ecluse  Maritime  du  Nord.*      G.  Royers  and  Fr.  de  Winter.      (30)    Feb. 
Projet  de  Regularisation  de  I'Euphrate  pres  de  Babylone.*     F.   Chochod.      (,33) 

Mar.  10. 
Les  Nouveaux  Agrandissements   du   Port  d'Anvers.*      (33)    Mar.   17. 

*Illustrated. 
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DISPOSAL  OF  MUNICIPAL  REFUSE,  AND 
RUBBISH  INCINERATION. 


By  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  June  6th,  1906. 


During  the  winter  of  1902-03,  the  writer  contributed  to  the  in- 
formal discussion  on  "The  Sanitary  Disposal  of  Municipal  Refuse."* 
At  that  time,  some  data  were  presented  and  a  short  description  was 
given  of  the  rubbish  incinerator,  built  from  the  writer's  plans,  at 
the  foot  of  West  Forty-seventh  Street,  New  York  City.  Subse- 
quently, additional  data  were  presented  at  the  International  En- 
gineering Congress  at  St.  Louis.t 

The  writer  now  contributes  to  the  Society  further  data  on  the 
subject  of  municipal  refuse,  which  he  hopes  will  prove  both  interest- 
ing and  instructive,  and  a  description  of  the  rubbish  incinerating 
plant  built  on  Delancey  Slip,  Borough  of  Manhattan,  City  of  New 
York,  by  order  of  John  McGaw  Woodbury,  Assoc.  Am.  Soc.  C.  E., 
Commissioner  of  the  Department  of  Street  Cleaning,  together  with 
a  description  of  the  adjoining  electric  lighting  station  (built  by 
order  of  the  Department  of  Bridges),  which  utilizes  the  heat  pro- 

*  Transactions,  Am.  Soc.  C.  E.,  "Vol.  L,  p.  95. 

t  Transactions,  Am.  Soc.  C.  E..  Vol.  LIV,  Part  E,  p.  263. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
anally  closed,  the  papers,  with  discussion  in  fiill,  will  be  published  iii  Transactions. 
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dueed  from  the  incineration  of  the  rnbbish  to  light  the  Williams- 
burg Bridge. 

This  combined  plant  was  built  by  the  Departments  of  Street 
Cleaning  and  of  Bridges  for  the  benefit  of  the  municipality,  and 
each  department  retained  the  writer  as  Consulting  Engineer  to  pre- 
pare the  plans  and  superintend  the  construction.  The  Department 
of  Street  Cleaning  gains  by  having  the  rubbish  collections  reduced 
in  bulk  and  transformed  into  ash  which  is  valuable  for  land-fills, 
and  by  the  improved  sanitary  conditions  caused  by  completely  burn- 
ing the  beds,  bedding,  and  olil  furniture,  which  are  often  germ  laden, 
and  thus  preventing  them  from  ever  returning  to  the  city.  The 
Department  of  Bridges  saves  in  the  cost  of  lighting  the  bridge  by 
using  the  heat  of  combustion  for  the  generation  of  electricity.  To 
show  how  well  these  objects  have  been  realized  is  part  of  the  subject 
of  this  paper. 

General  Data. 

Portions  of  the  data  here  given  have  been  taken  from  the  papers 
mentioned  previously.  The  repetition  has  been  made  in  order  that  the 
new  data  presented,  together  with  the  former  data,  may  be  brought 
into  this  contribution,  and  the  whole  rendered  as  complete  as  possible. 

A  general  division  and  subdivision  of  the  materials  is  given  in 
Table  1.  The  scheme  classifies  the  wastes  of  a  municipality  and 
places  them  in  three  divisions,  the  basis  of  classification  being 
chiefly  dependent  upon  the  method  of  handling,  as  practiced  by 
"usage  and  custom."  The  first  and  second  divisions — the  "fluid 
and  semi-fluid  refuse"  and  the  "general  refuse" — consist  of  that 
portion  for  which  the  authorities  should  make  provision,  as  the 
people  cannot  be  made,  or  entrusted,  to  dispose  of  them  in  a  sanitary 
manner.  The  third  division  includes  those  wastes  which  are  cared 
for  by  private  or  special  service — either  by  private  contract  or  by 
the  parties  creating  the  refuse.  The  item  of  dead  animals,  how- 
ever, is  a  possible  exception,  and,  in  large  cities,  the  authorities 
shotdd  make  some  provision  for  their  removal. 

As  uniformity  in  practice  is  lacking,  the  scheme  for  disposal 
adopted  in  any  city  will  not  always  agree  with  the  method  of  di- 
vision for  classification  as  given  in  Table  1.  Some  cities  provide 
for  the  disposal  of  only  a  part  of  the  general  refuse,  while  others 
care  for  the  whole. 
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The  general  refuse,  which  is  the  subject  of  this  paper,  and  for 
which  the  community  should  provide  a  method  for  collection  and 
disposal,  is  separated  into  five  classes: 

I. — Ashes ; 
II . — Garbage ; 
III.— Eubbish; 
IV. — Street-sweepings ; 
V. — Snow. 

TABLE  1. — Classification  of  City  Wastes. 


City  Waste 
Materials. , 


Fluid  and 
Semi-fluid 
Refuse. 


-1  Sewage. . . 


Garbage . 


General        , 
Refuse.. .  i  Rubbish. 


f  House  Sewage. 

-(  Street.  Roof  and  Area  Drainage. 
(,  Night  Soil. 


rA<?hP9  J  Steam  Ashes. 

^^'^^^ ,  Household  Ashes. 


f  Animal  Matter. 
J  Vegetable  Matter. 
1  Meat  and  Bones. 
t  Fruit. 

f  Paper. 
Wood. 
I  Rags  and  Bedding. 
-{  Leather  and  Rubber. 
I  Metals. 

'  Bottles,  Glass  and  Crockery. 
t  Sweepings  from  Buildings. 


f  Animal  Manure 
Street  '  Pavement  Dirt. 

Sweeninffs    ^  Droppings  from  Carts. 

aweepmgb.      ,   iVTatoriaU  fvr.m    Rmlflin 


^  Snow. 


Materials  from  Building  Construction. 
Some  Rubbish  and  Leaves. 


'  Cellar  Excavations. 

I  Materials  from  Building  Construction. 

T-de  Refuse ^' fLtketXY" 

I  Slaughter-house  Offal. 
[  Dead  Animals. 


The  characteristics  of  the  general  refuse  divisions  can  be  stated 
as  follows: 

1. — Ashes. — Ashes  consist  of  silica,  oxide  of  iron,  potash,  aliun- 
ina,  lime,  magnesia,  soda,  barium,  phosphorus  in  i)hosphates,  sul- 
phur in  sulphates,  etc.,  and  of  unburned  coal. 

Ashes  weigh  about  1  350  lb.  per  cu.  yd.,  varying  from  1  200  to 
1  500  lb.,  and  can  be  divided  into  two  grades  or  classes,  viz. :  "steam- 
ashes"  and  'Tiousehold-ashes." 

The  steam-ash  is  that  which  is  obtained  from  coal  burned  under 
steam  boilers,  in  those  industrial  works  where  care  is  taken  to  have 
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Fio.  1.— Refuse  Dumped  Directly  into  Scows 


'iG.  ;2.— Front  of  Incinerator  Building  at  Delancey  Slip. 


Fig.  3.— Material  Picked  Out,  Baled  and  Ready  for  Shipment. 
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the  combustion  reasonably  perfect.  The  amount  of  combustible  in 
steam-ash  varies  from  about  11  to  50%,*  increasing  as  the  size  of 
the  coal  decreases  and  as  the  coal  is  of  a  less  caking  character.  This 
amount  of  combustible  in  the  steam-ash  represents  a  loss  of  unburned 
coal  in  the  ash  of  from  2  to  33%  of  the  fuel.  A  fair  general  average 
could  be  assumed  at  26%  by  weight  of  the  ash,  or  at  4%  of  the 
total  coal  used.  With  mechanical  stoking  grates,  for  the  small 
sizes  of  anthracites  and  for  the  anthracites  of  a  friable  nature,  the 
amount  of  combustible  in  the  ash  would  probably  exceed  the  average 
just  stated.  For  the  ordinary  anthracites,  the  average  would  ap- 
proximate 30% ;  and  for  the  bituminous  coals,  the  average  would  be 
about  24  per  cent.  For  the  caking  coals,  the  average  would  be  ex- 
cessive. The  loss  would  also  be  greater  than  the  foregoing  average 
for  coals  containing  large  percentages  of  earthy  matter. 

Table  2  shows  the  percentage  of  combustible  matter  found  in 
the  ash,  as  reported  in  a  number  of  steam  boiler  trials,  being  the 
percentage  by  difference  between  the  ash  as  determined  by  analysis 
and  that  as  recovered  from  the  ash-pit  and  weighed. 

The  household-ash  is  that  which  is  obtained  from  coal  burned 
in  house-heaters,  ranges,  stoves  and  open  fire-places.  The  coal  used 
is  almost  entirely  of  those  sizes  which  will  pass  through  a  4i-in. 
screen  and  over  a  1^-in.  screen,  with  the  exception  of  the  cannel  coal 
consumed  in  open  fire-places.  While  this  cannel  naturally  burns  to 
a  clean  ash,  still  a  large  quantity  falls  through  the  basket  grates; 
and,  furthermore,  as  the  coal  is  of  such  a  soft  nature,  much  of  it,  in 
handling,  crumbles  into  dust  and  small  pieces,  and  is  thus  rendered 
too  small  for  household  use.  All  this  combustible  portion  finds  its 
way  into  the  ash  collections.  On  the  continent  of  Europe,  a  smaller 
proportion  of  unburned  coal  is  found  in  the  household-ash  collec- 
tions than  in  the  United  States,  as  the  use  of  closed  stoves  for  house- 
hold purposes  is  so  common.  In  England,  the  proportion  is  greater, 
on  account  of  the  numerous  open  fire-places. 

For  the  past  twelve  years,  the  writer  has  kept  a  complete  coal 
record  for  his  private  dwelling.  The  cannel  coal  dust  which  col- 
lected between  August,  1896,  and  August,  1902,  and  which  had  to  be 
discarded  from  the  household,  amounted  to  8.3%  of  the  weight  of 
cannel  coal  purchased.     Assuming  that  this  cannel  coal  dust  con- 

*See  '•  Steam  Boilers,"  by  H.  de  B.  Parsons,  p.  23. 
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tained  4%  of  true  ash,  then  the  combustible  portion  discarded  was 
about  8%  in  addition  to  that  which  was  contained  in  the  ashes  from 
the  grates, 

TABLE  2. — Unburned  Coal  in  Steam-Ash. 


Percentage  of 
Ash. 

Percentage  op 
Combustible. 

By 
analysis. 

By  boiler 
trial. 

Based  on 
ash. 

Based  on 
coal. 

*  Cumberland  Bltumnious  

Per  cent. 
5.0 
4.0 
6.1 
7.6 
7.8 
9.0 
11.1 
9.3 
17.5 
16.2 
12.0 
11.8 

Per  cent. 

7.5 
10.0 

8.1 
10.1 

9.4 
10.6 
11.9 
10.5 
22.5 
24.9 
16.0 
19.3 

Per  cent. 
33.3 
60.0 
24.7 
24.7 
17.0 
15.1 
6.7 
11.4 
22.2 
35.0 
25.0 
38.8 

Per  cent. 
2  5 

*  Pocahontas             "             

6  0 

*  Cumberland           "              

2  0 

♦Clearfield                "              

2  5 

*  Cape  Breton           "             

1.6 

t  George's  Creek      "              

1  6 

+  W.  V.  Pocahontas  "              

0  8 

t  George's  Creek      "              

t  Buckwheat.  No.  1,  Anthracite 

1.2 
5.0 

t  Buckwheat      "               "           

8  7 

*  Chestnut,     No.  2,          •'           

4.0 

♦Chestnut         "              "          

7  5 

General  average 

Average,  A.nthracite. . 
"         Bituminous 


.26  per  cent. 

.30 

.24 


*  Barrus  on  "  Boiler  Tests,"  page  251. 
t  From  tests  made  by  D.  S.  Jacobus. 


The  proportion  of  cannel  to  anthracite  used  was  1  to  7.6  or  13 
per  cent.  By  analysis,  the  combustible  matter  in  the  cannel  coal 
ashes  was  21.8%,  making  a  total  combustible  of  about  29.8  per  cent. 
Also,  by  analysis,  the  combustible  matter  in  the  anthracite  ash  was 
13.4  per  cent.  Therefore,  the  real  average  combustible  in  the  ash 
discarded  from  the  house,  which  can  be  taken  as  an  average  of 
similar  houses  in  the  residential  portion  of  New  York  City, 
amounted  to  15.3  per  cent. 

The  writer  had  careful  analyses  made  in  February  and  March, 
1904,  of  some  household  ashes  and  of  samples  of  ash  obtained  di- 
rectly from  some  of  the  dumps  of  the  City  of  New  York,  with  the 
results  shown  in  Table  3.  Therefore,  it  would  seem  safe  to  state 
that  in  a  city  like  New  York,  the  mixed  ash  collections  from  all 
quarters  contain  from  30  to  35%  of  combustible  matter. 

All  the  analyses  of  ash  were  made  by  Messrs.  Simonds  and  Wain- 
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Wright,  Analytical  Chemists.  The  samples  from  the  city  dumps 
were  made  by  taking  a  shovelful  from  alternate  carts  as  they  drove 
on  the  dumps  during  the  major  part  of  one  day  at  a  dump.  The 
pile  was  mixed  and  quartered,  and  the  final  sample,  of  from  12  to 
15  lb.,  was  crushed  in  a  mill  and  again  quartered. 

TAELE  3. — Analyses  of  Ashes.* 


Moisture 
at  102°  C. 

Pure  ash. 

Combust- 
ible 
matter. 

Total. 

Household  Ash. 
Coal  burned  in  a  stove,  anthracite,  size 

Per  cent. 
0.36 
0.06 
0.64 

1.69 
0.80 
0.83 
1.11 

Per  cent. 
90  81 
86.50 
77.53 

62.19 
67.43 
63.73 
64.45 

Per  cent. 
8.83 
13.44 
21.83 

36.12 
31.77 
35.44 
34.44 

Per  cent. 

100.00 

Coal  burned  in  a  hot-air  furnace,  an- 
thracite, size  "  egg  " 

Coal  burned  in  an  open  grate,  English 
cannel,  size  "  6-in.  cubes  " 

100.00 
100.00 

Mixed  Ashes. 
Samples  from  New  York  City  Dumps.. . 
Clinton  Street 

100.00 

Stanton  Street 

100.00 

West  Forty-seventh  Street 

100.00 

Average 

100.00 

*  Made  for  the  writer  by  Messrs.  Simonds  and  Wainwright. 

II. — Garbage. — Garbage  is,  by  far,  the  most  important  division  of 
general  refuse,  because  it  is  the  most  difficult  to  handle  without 
causing  annoyance,  is  unsightly,  and  is  likely  to  become  putrescible 
and  diffuse  offensive  odors.  On  the  other  hand,  it  has  a  distinct 
commercial  value,  due  to  the  value  of  the  by-products  which  may 
be  obtained  from  it.  Whether  this  value  is  worth  saving,  in  prac- 
tice, is  still  a  moot  question,  and  no  unity  of  sentiment  exists,  al- 
though much  has  been  written  concerning  its  treatment. 

Its  composition  differs  according  to  the  season  of  the  year,  as 
well  as  the  location  of  the  city  and  the  character  of  the  district 
from  which  it  is  collected.  Garbage  contains  a  large  proportion  of 
water,  the  amount  varying  from  about  50%  to  more  than  80  per  cent. 
During  the  fruit  and  green  vegetable  seasons  the  amount  of  water 
is  always  large,  while  in  the  ordinary  dwelling-house  garbage  in 
winter  the  amount  is  nearer  the  lower  limit. 

In  Table  4  are  given  some  analyses  of  the  composition  of  garbage. 
Analysis  A  was  made  by  the  Sanitary  Bureau  of  the  Board  of 
Health  of  the  City  of  New  York,  in   October,  1897.     The  sample 
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was  taken  from  the  garbage  as  received  on  the  barges  or  scows  for 
final  removal,  and  may  be  considered  an  average  of  the  collections 
from  many  and  various  sources.     It  was  practically  pure  garbage. 

TABLE  4. — Analyses  of  Garbage. 


1- 
o   . 

A. 

B. 

d 

a   . 

C. 

'3  «s 
D. 

0 
03 
M 

0 
H 

E. 

S 

F. 

Water 

Per  cent. 
65.90 
25.62 

Percent. 
71.00 
20.00 
2.00 

i     7.00 

Per  cent . 

80.00 
16.80 

Per  cent . 

70.00 
20.00 
3.00 

>     7.«0 

Percent. 

65.00 

24.00 

2.00 

9.00 

Per  cent. 

60  00 

Animal  and  vegetable  solids 
Grease 

80.00 
3.00 

Paper 

I     2.40 
<     0.60 
1     0.20 

Rags,  etc 

8.00 

Boxes 

Mineral  matter 

8.48 

Totals 

100.00 
7.07 
0.86 
0.07 
0.30 

100.00 

100.00 

100.00 

100.00 

100.00 

Fat 

Total  nitrogen 

Phosphoric  acid,  P,  6= 

Potash,  K,0 



A.  Dept.  of  Health,  October  15th,  1897. 

B.  Report,  Brooklyn  Board  of  Health.  1896. 

C.  Transactions,  Am.  Soc.  C.  E.,  Vol.  L,  p.  128. 

D.  E  a,nd  F.  International  Engineering  Congress,  St.  Louis,  Transactions,  Am.  Soc. 
C.  E.,  Vol.  LIV,  Part  E,  p.  263. 


Analysis  B  is  an  analysis  of  Brooklyn  summer  garbage,  as  stated 
in  the  report  of  Joseph  B.  Taylor.* 

Analysis  C  was  made  by  Theodore  Horton,  Assoc.  M.  Am.  Soc. 
C.  E.,  of  garbage  as  collected  in  Trenton,  'N.  J.,  during  the  summer 
of  1902.  It  was  obtained  by  sorting  i-ton  samples  and  weighing 
and  averaging. 

Analysis  D  gives  the  composition  of  average  American  garbage, 
as  stated  by  MacDonough  Craven, 

Analyses  E  and  F  are  quoted  on  the  authority  of  Rudolph  Hering, 
who  obtained  his  figures  from  W.  F.  Goodrich,  of  London,  and 
Messrs.  Bohm  and  Grohn,  of  Berlin. 

All  the  figures  in  the  table  are  given  in  percentages,  and  do  not 
indicate  more  than  the  relative  proportions  of  the  elements  reported. 
The  actual  quantities  collected  in  certain  cities  are  stated  later. 

*  Board  of  Health  Report,  Brooklyn,  1896. 
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Garbage,  as  ordinarily  collected,  contains  some  rubbish,  such  as 
paper,  cans,  boxes,  etc.  Even  in  those  cities  where  a  primary  sep- 
aration system  is  in  vogue,  this  admixture  of  rubbish  may  amount 
to  5  or  6%  or  more  by  vpeight. 

Pure  garbage  weighs  about  1 100  or  1  200  lb.  per  cu.  yd.,  when 
loosely  collected. 

///. — Ruhhish. — Eubbish  is  discarded  trash,  principally,  of  all 
kinds  of  paper,  wood,  rags,  mattresses,  bedding,  boxes,  chairs,  sofas, 
barrels,  leather,  old  shoes,  rubber,  tin  cans,  metal  scraps,  bottles, 
broken  glass,  crockery  and  the  like.  It  is  a  most  heterogeneous  ag- 
gregation, and  contains  all  the  household  wastes  that  cannot  be 
classified  as  ashes  or  garbage.  Every  conceivable  kind  of  rubbish 
waste  is  discarded  from  the  houses  or  found  in  the  street-sweep- 
ings; but  the  distinction  between  these  classes  of  refuse  is  that  such 
of  the  material  as  is  collected  from  the  houses  strictly  belongs  to 
the  rubbish  classification,  and  such  as  is  obtained  from  the  streets  to 
the  street-sweeping  classification. 

Rubbish,  as  ordinarily  piled  in  the  carts,  or  without  extra  pack- 
ing, weighs  from  130  to  225  lb.  per  cu.  yd.  In  Boston,  Mass.,  the 
average  weight,  as  delivered  at  the  Atlantic  Avenue  collecting  and 
incinerating  station,  was  202  lb.  per  cu.  yd.  In  New  York  the 
average  weight  at  the  Thirtieth  Street  dump  was  143  lb.  per  cu.  yd. ; 
at  the  Forty-seventh  Street  dump,  141.1  lb.,  and  at  the  Delancey 
Slip  incinerator,  139  lb. 

As  rubbish  contains  the  dirt  and  dust  from  sweepings,  cast-away 
bedding  and  rags,  it  is  likely  to  harbor  germs  of  disease,  and  should 
be  taken  to  the  place  for  final  disposition  as  directly  as  possible,  so 
that  dry,  germ-bearing  dust  may  not  be  scattered  among  the  people 
of  the  community.  In  other  respects,  the  rubbish  collections  may 
be  termed  clean,  and  are  not  especially  disagreeable  to  handle. 

Some  analyses  of  rubbish  are  given  in  Table  5.  The  figures 
in  the  first  column  are  measurements  made  by  the  writer  in  1905, 
and  in  the  second  and  third  columns  by  F.  L.  Stearns,  Assoc.  M. 
Am.  Soe.  C.  E.,  of  the  Department  of  Street  Cleaning  of  New  York 
City,  in  1904.  These  figures,  together  with  those  for  Boston,  are 
the  percentages  by  weight  of  the  marketable  portions  only,  that  is, 
that  portion  which  was  picked  out  and  sold.  The  remainder  was 
valueless,  and  was  not  classified,  but  was  composed  of  the  same  ele- 
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ments  as  mentioned,  together  with  bedding,  mattresses,  furniture, 
etc. 

The  smell  arising  from  a  collection  of  rubbish  is  not  ofiensive, 
and  the  mass  does  not  decompose.  At  times  the  collections  contain 
some  garbage,  which  on  decomposing  gives  the  mass  a  decided  smell. 

Rubbish,  like  garbage,  has  an  inherent  value.  A  considerable 
portion  of  the  mass  can  be  sorted  out  and  sold  at  a  larofit.  In  con- 
sequence, the  collections  are  often  picked  over,  for  which  privilege 
contractors  can  be  foiind. 

The  privilege  of  picking  the  rubbish  at  the  dumps  in  the  Bor- 
oughs of  Manhattan  and  the  Bronx  brought  $71  000  for  1903.  For  a 
week  in  1904  the  amounts  varied  from  $1 175  to  $1  920.  The  col- 
lections in  1903  were  126  188  tons. 

At  the  Atlantic  Avenue  incinerating  plant  in  Boston,  the  amount 
picked  out  and  sold  averages  about  25|%  by  weight.  In  New  York, 
at  the  Thirtieth  Street  dump,  the  amount  is  about  43%  ;  at  the  Forty- 
seventh  Street  dump,  about  48% ;  and  at  the  Delancey  Slip  station, 
about  32  per  cent.  The  two  latter  places  are  equipped  with  con- 
veyors which  carry  the  material  between  the  rows  of  pickers.  At  the 
other  city  dumps  the  amount  picked  out  is  not  as  large.  As  the 
Delancey  Street  station  is  equipped  with  an  incinerating  plant  using 
the  heat  for  steam  generation,  only  about  30%  is  picked  out,  as  the 
remainder  is  required  for  fuel,  although  with  the  conveyor  and  sort- 
ing opportunity  it  would  be  easy  to  pick  out  50  per  cent.  The 
amount  picked  out  varies  with  the  market  price  for  the  paper, 
metals,  etc. 

IV. — Street-Siveepings. — The  sweepings  contain  two  constitu- 
ents of  value,  namely,  manure  and  paper.  When  these  are  mixed 
with  the  street  dirt,  they  are  valueless.  If  the  manure  could  be  col- 
lected separately,  it  might  be  sold  for  fertilizer,  or  be  sold  for  the 
same  purpose  to  the  collectors  of  stable  manures. 

Considerable  rubbish,  often  of  the  dirtiest  sort,  is  found  in  pub- 
lic thoroughfares,  where  it  has  been  thrown  by  a  careless  and  shift- 
less population.  These  materials — rubbish,  manure,  paper,  and  dirt, 
the  latter  coming  from  the  pavements  and,  therefore,  varying  with 
the  kind  in  use — form  the  major  part  of  the  street-sweepings  proper. 
There  are  some  house  sweepings  collected  in  the  streets,  but  this 
addition  aggregates  but  a  small  part.     In  cities  in  which  the  streets 
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are  lined  witli  trees,  a  considerable  quantity  of  leaves  is  collected 
in  the  proper  season,  which  increases  the  bulk  materially. 

TABLE  5. — Composition  of  Eubbish. 
Percentages  by  Weight. 


Percentage  Picked  Out  as 
Marketable. 

Percentage  op 
compositio 

Total 

City 

of  New  York. 

Boston. 

New 
York. 

(Craven)* 

London. 
(Russell)* 

Berlin. 

Component  Parts. 

Delancey 

Slip  station. 

(Parsons.) 

Thirtieth  St. 

dump. 

.(Stearns.) 

S",  S  H 

?  3  b 

a 
oB.-: 

< 

(Bohm 

and 

Grohn.)  * 

X 

X 

X 

X 

X 

X 
5.0 
3.6 

X 
33.5 

Rags 

4.6 

2.78 

0.76 

15.5 
0.1 
1.8 

6.3 

3.8 

29.7 

19.7 

Wood 

7.3 
1.3 

1.4 

8.91 
4.10 
0.76 
0.39 
0.57 
0.39 
0.03 
0.23 

i.4 
3.3 
2.9 

2.2 

Metals 

Olass 

0.86 

0.12 
0.35 

9,2 
13.1 

4.2 
7.0 

Hats  . 

6.i2 

23.90 

Paper 

Newspaper 

25.4 

33.3 

75.0 

39.4 

23.3 

10.94 
2.64 

10.35 
6.16 
0.55 



0.24 

30.86 
69.14 

43.3 
56.7 

48.80 
51.20 

25.49 
74.51 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

♦International   Engineering    Congress,   Transactions,  Am.    Soc.  C.  E.,  Vol.  LIV., 
Part  E,  Paper  by  Rudolph  Hering,  M.  Am.  Soc.  C.  E. 

The  sweepings  are  combustible.  The  weight  varies  from  800  to 
1  400  lb.  per  cu,  yd.,  as  much  depends  on  the  dryness  of  the  weather 
at  the  time  of  collection. 

Table  6  gives  some  idea  of  the  composition  of  the  street-sweep- 
ings. 

The  writer  entered  into  correspondence  with  a  number  of  cities 
in  order  to  obtain  data  in  regard  to  the  annual  collection  of  general 
refuse.  It  was  found  that  many  of  the  cities  did  not  m^ake  separate 
collections  of  the  different  classes  of  refuse,  and  that  many  which 
did  make  separate  collections  did  not  keep  records,  or  if  they  did 
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keep  records,  did  not  keep  them  with  sufficient  accuracy  to  be  of 
service  for  comparison.  For  instance,  Louisville,  Ky.,  published  in 
1903  a  very  elaborate  report  in  which  the  collections  were  given  in 
cart  loads.  As  no  reference  was  made  to  the  size  of  the  carts,  or 
their  average  loading,  it  was  not  possible  to  classify  these  collec- 
tions. 

TABLE   6. — Composition   of   Street- Sweepings. 
Percentages  by  Weight. 


Component  parts. 

New  York. 
(Craven.) 

Washington. 
( Wiley. ) 

Berlin. 
(Vogel.) 

London. 
(Letheby)t 

Moisture 

37 
31 
32 

35 

20 
45 

39 
23 
38 

35 

Organic  matter 

36 

Ash 

29t 

Proportion  of  organic  matter  to  ash. . . 

100 
1  :1 

100 
1:2.2 

100 
1:1.6 

100 
1:0.8 

*  From  U.  S.  Dept.  of  Agriculture  "Fertilizing  Value  of  Street  Sweepings,"  Bulletin 
No.  55,  Division  of  Chemistry.  International  Engineering  Congress,  Transactions,  Am. 
Soc.  C.  E.,  VoJ.  LIV,  Part  E,  Paper  by  Rudolph  Hering,  M.  Am.  Soc.  C.  E. 

t  In  dry  weather. 

X  Powdered  stone  and  abraded  iron. 

Some  of  the  cities  kept  a  record  in  yardage,  and,  in  order  to 
transform  yardage  into  weight,  the  following  schedule  was  used: 

Weight  of  garbage 1 160  lb.  per  cu.  yd. 

"         "  street-sweepings    850  "      "     "      " 

"  ashes    1 350  "     "     "      " 

"  rubbish    200  "      "     "      " 

Table  7  gives  statistics  of  the  annual  collection  of  general  refuse, 
in  tons  of  2  000  lb. 

Table  8  gives  the  monthly  collections,  in  pounds  per  capita  per 
day,  in  those  cities  where  the  records  were  available.  This  table 
shows  some  variation  in  regard  to  the  amounts,  which  is  especially 
noticeable  in  the  column,  "Average  per  day."  This  variation  is 
caused,  to  some  extent,  by  irregularity  in  classifying  the  collections 
— for  instance,  in  some  cities,  rubbish  and  ashes  are  collected  with 
the  garbage — thus,  in  Philadelphia  the  record  shows  that  the  quan- 
tity of  garbage  per  capita  per  day  is  nearly  1.2  lb.,  while  in  the 
other  cities  it  varies  from  about  0.3  to  0.8  lb.,  while  the  ashes  and 
rubbish  collections  are  low  when  compared  with  the  others. 
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TABLE  9. — Average  Collections  per  Capita  per  Day. 


Pounds. 

Yards. 

Percentage. 

By  weight. 

By  volume. 

Garbage 

0.5296 
0.5310 
2.4960 
0.1948 

0.000460 
0.000625 
0.001849 
0.000974 

14.12 

14.15 

66.54 

5.19 

11.77 

Street-Sweepings 

Ashes 

15.99 
47.31 

Rubbish 

24.93 

Total 

3.7514 

0.008908 

100.00 

100.00 

Table  9  was  made  by  taking  tbe  averages  of  the  figures  in  Table  8. 
Some  of  the  cities  collected  two  of  the  divisions  together  and  gave  the 
result  under  one  division;  thus,  ISTew  York  collected  the  street-sweep- 
ings and  ashes  together  and  gave  the  total  as  ashes. 

Table  10  was  made  up  by  using  the  foregoing  percentages  to 
divide  those  double  collections,  and  gives  the  averages  for  all  the 
cities.     It  is,  therefore,  more  nearly  correct  than  Table  9. 

TABLE  10. 


Pounds 

Yards. 

Percbntagb. 

By  weight. 

By  volume. 

Garbage 

0.5296 
0.4992 

3-2290 
0.2101 

0.000460 
0.000587 
0.001696 
0.001050 

15.27 

14.39 

64.28 

6.06 

12.13 

Street-Sweepings 

Ashes 

15.48 
44.71 

Rubbish 

27.68 

Total 

3.4679 

0.003793 

100.00 

100.00 

The  average  collections  per  capita  per  day  for  the  cities  men- 
tioned are  given  in  Table  9. 

The  figures  given  in  Table  8,  for  the  monthly  collections  of  gen- 
eral refuse,  in  pounds  per  capita  per  clay,  are  shown  graphically  in 
Fig.  1. 

In  the  same  manner,  Figs.  2  to  4  show  graphically  the  collec- 
tions of  ashes,  garbage  and  rubbish.  All  these  diagrams  show  a 
characteristic    maximum    about    January    and    a    minimum    about 
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Fig.  3. 
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August.  The  maxima  and  minima  are  evidently  caused  by  the 
collection  of  ashes,  because  the  rubbish  collections,  while  much  more 
uniform  than  garbage  or  ashes,  are  in  maximum  during  the  summer 
months,  and  the  garbage  is  in  maximum  about  September. 

Fig.  5  shows  the  monthly  collections,  in  pounds  per  capita  per 
day,  for  the  Borough  of  Manhattan,  New  York  City. 

In  studying  these  diagrams,  it  must  be  borne  in  mind  that  the 
ash  collections  as  reported  for  the  Borough  of  Manhattan,  New 
York  City,  also  contain  the  street-sweepings.  The  curve,  therefore, 
representing  Manhattan  in  Fig.  2  is  too  high  by  just  the  amount  of 
the  street-sweepings,  which  are  not  reported  separately.  In  the 
same  manner,  in  Fig.  3,  the  curve  representing  garbage  collections 
for  Philadelphia  is  too  high,  as  some  rubbish  and  ashes  are  col- 
lected and  reported  under  the  head  of  garbage. 

In  Fig.  1,  the  curve  representing  Manhattan  (as  well  as  the 
figures  in  Table  8  for  the  Borough  of  Manhattan)  is  higher  than 
those  of  the  ether  cities  reported,  which  can  be  accounted  for  by 
the  fact  that  the  territory  of  the  Borough  of  Manhattan  is  com- 
pletely built  over,  and  the  whole  population  is  served  by  the  collec- 
tion carts.  In  the  other  cities  there  are  outlying  districts  which  are 
included  in  the  population,  but  which  are  not  served  by  the  collec- 
tion carts.  It  is  probable,  therefore,  that  the  actual  figures  for 
Manhattan  are  more  accurate  than  for  some  of  the  other  places. 

The  Fuel  Value  of  Refuse. 

The  value  of  refuse  as  a  fuel  depends  on  the  combustible  matter 
which  it  contains.  There  does  not  appear  to  be  much  difference  in 
the  general  make-up  of  the  combined  refuse  as  collected  in  America 
and  Europe.    It  differs  more  in  quantity  than  in  complection. 

Garbage  will  burn,  as  can  be  proved  by  throwing  it  into  a  range 
or  stove.  It  requires  enough  heat  to  evaporate  the  water,  and  then 
the  dry  matter  will  bum  of  itself  and  assist  in  drying  the  next 
charge.     This  dried  portion  will  generate  about  7  500  B.  t.  u.  per  lb. 

The  combustible  in  the  ashes  has  a  total  heat  of  combustion 
varying  from,  say,  10  000  to  14  000  B,  t.  u.  per  lb.  Therefore,  the 
dry  ash,  on  a  basis  of  25%  of  combustible,  will  generate  about 
3  000  B.  t.  u.  per  lb.     As  the  ashes,  according  to  the  analyses  given 


Papers.] 


REFUSE  DISPOSAL. 


307 


Jan. 


GENERAL  REFUSE,  IN  POUNDS  PER  CAPITA  PER  DAY 

BOROUGH    CF    MANHATTAN,   CITY   OF    NEW  YORK.      YEAR    1903. 


5.0 

""•^^^       ASHES,  AND   STREt 

:t-sv/e 

EPING 

3 

^ 

\ 

\ 

o 

\ 

■-10 

s 

o 

/ 

5 

^______ 

/ 

"2 
5 

(£.3.0 

^ 

^ 

^^^ 

■ — 

i"          i            ! 

i          !         ! 

GARBAGE 

O.G 
0.5 

^ 

i 

0.4 

^ 

\ 

^^\ 

Q 

1 

u, 

dO.4 

RUBBISH 

/ 

V 

k 

P. 

/^ 

N 

lo.3 

^ 

^^.^ 

1 
1 

1 

Mar. 


May 


July 
Fig.  5. 


Sept. 


Nov. 


Jan. 


308 


REFUSE  DISPOSAL. 


[Papers, 


before,  contain  an  average  of  more  than  25%  of  combustible,  there 
is  an  allowance  at  this  latter  figure  for  some  moisture. 

The  rubbish,  being  composed  principally  of  paper,  rags  and 
wood,  has  a  total  heat  of  combustion  varying  from,  say,  5  000  to 
1  500  B.  t.  u.  per  lb. 

The  street-sweepings  contain  some  combustible  material,  which 
can  be  taken  as  having  a  total  heat  of  combustion  of  about  6  000 
B.  t.  u.  per  lb.  The  remainder  of  the  street-sweepings  consists  of 
incombustible  material  and  water.  If  it  be  assumed  that  33%  is  in- 
combustible, 42%  combustible,  and  25%  water,  the  burning  of  the 
street-sweepings  would  generate  about  2  000  B.  t.  u.  per  lb.,  a  prob- 
ably safe  figure. 

Assume  that  the  combined  collection  is  composed  as  shown  in 
Table  11 : 

TABLE  11. 


Classification. 

City  collections. 

Used  as  fuel. 

Garbage 

15. O^'  (70,V  moisture) 

64.0%'  (25V  combustible) 

22.9%' 

Ashes 

48.7%- 

Rubbish 

7  0^  i'dSiX  sorted  out).      ..     . 

7  !%•      * 

Street-sweepings 

U.0% 

21  3^ 

Totals 

100.0^ 

100.  O^i" 

Also,  assume  that  33^%  of  the  rubbish  is  sorted  out  and  only 
half  the  ashes  are  delivered  to  the  furnace,  so  that  the  percentage 
of  the  constituents  as  thrown  into  the  furnace  would  be  in  the  ratio 
stated  in  the  last  column  of  Table  11.  From  these  assumptions,  a 
heat  balance  can  be  worked  out  as  shown  in  Table  12. 

The  combustible  portion  is:  garbage,  0.0687;  ashes,  0.0913;  rub- 
bish, 0.064  (allowing  10%  for  the  incombustible  portion)  ;  and  street- 
sweepings,  0.071  (allowing  33%  as  incombustible) ;  making  a  total 
of  0.295  lb. 

If  the  heat  is  passed  through  a  boiler,  and  the  losses  be  assumed 
at  40%,  then  the  available  useful  heat  would  be  2  391  X  0.60  = 
1 434  B.  t.  u.,  or  sufficient  to  evaporate  1.48  lb.  of  water  from  and  at 
212°  fahr. 

If  1  lb.  of  coal  can  evaporate  9  lb.  of  water,  and  is  worth  $3  per 
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ton,  then  the  value  of  this  refuse  as  a  fuel  would  be  ($1.48  -=-  9)  X 
3.00  =  $0.49  per  ton. 

TABLE  12. — Estimate  for  Heat  Balance. 
Temperature  of  Air,  60°  fahr.     Temperature  of  Furnace,  2  000° 
fahr.    Euel:  City  Refuse,  Combined  Collections — One  Pound,  mod- 
erately dry. 


Total  heat 

of  combustion. 

B.  t.  u. 

Dissipation  of 

heat. 

B.  t.  u. 

Garbage:      Dried  portion:  0.'^29  x  0.30  X  7  500 

515 

Moisture;  0.2^9  X  0.70  x 
[(213— 60)  +  966  +  0.48  (2  000  —212)] 

317 

Ashes:           On  the  basis  that  only  three-fourths  of  the 
combustible  is  burned;  then  0.487  X  0.75  X 
3  000 

1  095 
355 

426 

Rubbish:      On  the  basis  that  one-third  has  been  sorted 
out;  then  0.071  X  5  000 

Street- 
sweepings:   On  the  basis  that  there  is  33?$'  incombustible 
matter;  then  0.213  X  2  000 

Heating 

fuel  mass:    Taking  the  specific  heat  of  the  mass  at  0.2; 
then  1  X  0.2  X  (2  000  —  60)  =  388,  of  which, 
say,  one-third  is  lost  through  raking  out 

129 

Heating 

air  supply:*  On  the  basis  of  4.2  lb.  of  air  per  lb.  of  fuel: 
then,  4.2   X  0.2:^75  (2  000  —  60».      This  is 
about  14.31b.  of  air  per  lb.  of  combustible. 

1  945 

Estimated  British  thermal  units  per  pound 

2  391 

2  391 

*  Pounds  of  air  per  pound  of  fuel  calculated  by  difference. 

It  would  be  possible  to  vary  the  proportions  of  the  constituents 
fed  to  the  furnace,  as  long  as  sufficient  combustible  material  was 
supplied  to  evaporate  the  moisture  in  the  garbage.  This  condition 
can  be  attained  by  practice  at  the  furnace.  It  is  also  self-evident 
that  an  increased  efficiency  will  be  obtained  if  the  air  supplied  be 
heated. 

In  the  same  manner,  another  heat  balance  can  be  worked  out  for 
the  burning  of  garbage,  rubbish  and  street-sweepings,  when  all  the 
ashes  are  kept  out  of  the  furnace  and  utilized  for  land  filling. 

Taking  the  same  general  analysis  as  before,  for  the  combined 
collections,  the  fuel  proportions  would  be  as  shown  in  Table  13. 

Assume  as  before  that  one-third  of  the  rubbish  is  sorted  out  as 
marketable;  then  the  percentage  of  the  constituents  as  thrown  into 
the  furnace  would  be  in  the  ratio  stated  in  the  last  column  of 
Table  13. 
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Classification. 

City  collections. 

Used  as  fuel. 

Garbage 

15%'  (70%  moisture) 

44  5% 

Rubbish 

7%  (33i?i'  sorted  out) 

14V 

13  9% 

Street-sweepings 

41.6%' 

100.0%- 

TABLE  14. — Estimate  for  Heat  Balance. 
Temperature  of  Air,  60°  fahr.     Temperature  of  Furnace,  2  000" 
fahr.     Fuel:  City  Refuse — Garbage,  Rubbish  and  Street-Sweepings, 
One  Pound. 


Total  heat 
of  com- 
bustion. 
B.  t.  u. 

Dissipation 
of  heat. 
B.  t.  u. 

ICOl 

"  Moisture;  0.445  X  0.70  x' 

[(212  —  60)  +966  +  0  48  (2  000  —  212)] 

615 

Rubbish:  0.139  X  5  000 

695 

832 

Street  sweepings  :  0.416  X  2  000 

Heating 

fuel  mass:   1  X  0.2  X  (2  000  —  60),  of  which  about  one-third  is 
lost 

129 
1  784 

Heating 

air  supply  :  On  the  basis  of  3.9  lb.  of  air  per  lb.  of  fuel ;  3.9  x 
0.2375  X  (2  000  —  60).    This  is  about  9.9  lb.  of  air 
per  lb.  of  combustible 

2  528 

Estimated  British  thermal  units  per  pound 

2  528 

The  combustible  portion  is:  garbage,  0.1335;  rubbish,  0.1251 
(allowing  10%  for  the  incombustible  portion) ;  and  street-sweepings, 
0.1386  (allowing  33%  as  incombustible)  ;  making  a  total  of  0.3972  lb. 

If  the  heat  is  passed  through  a  boiler,  and  the  losses  are  assumed 
at  40%,  then  the  available  useful  heat  would  be  2  528  X  0.60  = 
1  616  B.  t.  u.,  or  sufficient  to  evaporate  1.57  lb.  of  water  from  and 
at  212°  fahr. 

On  the  basis  of  34.5  lb.  of  water  evaporated  from  and  at  212° 
fahr.,  as  equivalent  to  1  b.  h.  p.,  these  two  results  would  represent  a 
boiler  horse-power  for  about  23.3  lb.  of  combined  collections  and 
22.0  lb.  of  mixed  garbage,  rubbish  and  street-sweepings. 
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Fig.  ).— Front  of  East  Furnace,  Showing  Stoking  Doors. 


Fig.  2.— Boilers  for  Williamsburg  Bridge  Lighting  Station  and 
Rubbish  Incinerator  Plant. 
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The  results  also  indicate  that,  in  order  to  obtain  a  high  furnace 
temperature,  an  artificial  draft  is  needed,  so  as  to  get  the  benefit  of  a 
thorough  mixture  of  the  oxygen  with  the  fuel  and  not  require  too 
great  a  surplus  of  air.  In  practice,  the  highest  evaporative  results 
per  pound  of  collection  burned  have  been  obtained  when  the  boiler 
is  set  directly  over  the  fires,  as  the  heat  is  direct  and  the  losses  are 
reduced  to  a  minimum.  Such  a  plan,  however,  is  not  conducive  to 
the  maintenance  of  high  temperatures  in  the  furnace,  and,  conse- 
quently, the  complete  destruction  of  the  mass  by  thorough  combus- 
tion is  apt  to  be  sacrificed.  As  the  latter  consideration  is  of  para- 
mount importance,  the  boilers  shovild  be  set  to  receive  the  gases  of 
combustion  after  the  combustion  has  been  completed,  and  while  still 
at  high  temperature. 

The  expferience  obtained  in  England  by  the  burning  of  mixed 
collections  shows  an  evaporation  varying  from  4  to  2  lb.  of  water 
from  and  at  212°  fahr.  per  lb.  of  refuse.  The  best  results  are  ob- 
tained by  the  use  of  artificial  drafts,  so  as  to  obtain  the  benefit  of  a 
thorough  mixture  of  the  gases  with  the  smallest  air  supply.  The  air 
supplied  in  the  blasts  is  about  3^  lb.*  per  lb.  of  average  mixed  refuse. 

Table  15  gives  some  figures  relative  to  the  total  heats  of  combus- 
tion of  the  constituent  elements  of  refuse. 

TABLE  15. — Approximate  Calorific  Values  of  Refuse. 


Garbage,  dry 

"        as  collected 

Bones  and  offal,  dry 

"        "        •'      average  moisture 

Ashes,  combustible  portion 

"       as  collected,  average 

Rubbish,  from 

to 

Paper,  straw,  fibrous  matter,  and  vegetable  refuse, 

dry. 


Paper,  straw,  fibrous  matter,  and  vegetable  refuse, 

average  moisture 

Rags,  dry 

"     average  moisture 

Wood,  dry 

'•      average  moisture 


British 

thermal  units. 

per  pound. 

7  500 

800 

8  000 

5  333 

12  000 

3  000 

7  500 

5  000 

3  800  § 

3  500§ 

5  000 

3  333 

7  rtOO 

6  500 

Authority. 


H.  de  B.  Parsons. t 

Dawson,  t 
H.  de  B.  Parsons. 


Dawson. + 


H.  de  B.  Parsons. 


*  George  Watson.  Transactions.  Am.  Soc.  M.  E.,  Vol.  XXV,  1904. 

t  "Disposal  of  Municipal  Refuse,''  Transactions,  Am.  Soc.  C.  E.,  Vol.  LIV,  Par  t 


1905. 


t  Estimated  from  its  composition,  and  verified  by  its  behavior  in  the  incinerators. 
§  The  writer  considers  this  too  small. 
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The  Rubbish  Incinerator. 

In  New  York  the  city  refuse  is  separated  into  classes  and  col- 
lected by  different  carts.  The  rubbish  collections  include  paper  of 
all  kinds,  books,  magazines,  cardboard,  rags,  barrels,  boxes,  crates, 
shoes,  hats,  pieces  of  leather,  rubber,  cans,  metals,  garments,  beds, 
bedding,  mattresses,  bed  springs,  sofas,  chairs,  broken  furniture  of 
all  kinds,  and  various  other  articles,  both  large  and  small,  of  almost 
every  conceivable  nature.  The  material  is  heterogeneous  and  bulky. 
As  packed  in  the  collection  carts,  its  weight  averages  141  lb.  per 
cu.  yd.,  which  is  the  average  of  the  actual  weighing  of  135  carts 
from  different  districts. 

As  this  material  makes  a  very  poor  land-fill,  and  as  it  cannot  be 
dumped  at  sea  without  danger  of  its  floating  back  on  the  beaches, 
the  rubbish  incinerator  plant  was  designed  by  the  writer  for  the 
Department  of  Street  Cleaning,  in  order  to  reduce  its  bulk,  to  trans- 
form it  into  ash  which  can  be  used  for  land-fill,  to  provide  better 
picking  facilities  than  is  afforded  by  dumping  directly  into  scows, 
Fig.  1,  Plate  XXX,  and  to  destroy  in  a  sanitary  manner  the  beds, 
bedding,  mattresses  and  furniture,  some  of  which  may  be  carriers 
of  disease. 

Location. — The  plant  is  located  on  city  property,  beneath  the 
Williamsburg  Bridge,  facing  Delancey  Slip,  between  East  Street 
and  Tompkins  Street,  Borough  of  Manhattan.  It  is  thus  close  to 
the  East  River,  being  separated  therefrom  only  by  the  width  of 
East  Street. 

General  Arrangement. — The  arrangement  of  the  plant  is  shown 
on  Plate  XXXI.  The  collection  carts  drive  into  the  building 
through  any  of  the  four  doors  on  the  Delancey  Slip  front,  and  dump 
their  loads  on  the  belt  conveyor.  If  the  material  arrives  faster  than 
it  is  wanted  on  the  conveyor,  the  loads  are  dumped  on  the  floor  of 
the  receiving  room,  the  material  then  being  pushed  upon  the  con- 
veyor by  hand  labor  as  desired.  The  empty  carts  go  back  for  more 
material. 

The  conveyor  carries  the  material  between  two  rows  of  "trim- 
mers," as  the  men  are  called  who  pick  out  the  marketable  material 
and  place  the  different  kinds  in  separate  boxes.  This  marketable 
material  is  baled  by  presses  and  by  hand,  and  removed  by  the  con- 
tractor who  pays  the  city  for  the  privilege. 
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The  material  not  picked  passes  to  the  end  of  the  conveyor,  where 
it  is  dumped  on  a  steel  charging  floor,  and  pushed  into  the  furnaces 
by  furnace  men. 

The  street-sweeping  carts  drive  up  an  inclined  runway  and  dump 
directly  on  the  charging  floor,  thus  preventing  the  street  dirt  from 
injuring  the  salable  portion  of  the  rubbish. 

The  furnaces  are  connected  with  a  stack,  and,  by  means  of  dam- 
pers, the  hot  gases  may  be  diverted  either  directly  to  the  stack  or 
through  the  boilers. 

On  one  side  of  the  building  doors  are  provided  for  carts  to  enter 
to  remove  the  ashes  and  the  baled  material  without  interfering  with 
the  material  being  received, 

A  second  floor  over  part  of  the  building  provides  storage  space 
for  the  material  to  be  burned  on  holidays  when  there  is  no  collec- 
tion, and  for  night  use.  The  receiving  floor  also  provides  additional 
space  for  storage,  as  well  as  the  yards  on  both  sides  of  the  building, 
and  a  scow,  filled  at  some  other  dumping  station,  is,  furthermore,^ 
kept  at  the  wharf  opposite  the  building.  In  this  way  there  is  no 
trouble  from  lack  of  material  to  burn. 

Building. — The  building  is  150  ft.  deep  and  70  ft.  wide.  The 
ground  floor  is  at  the  level  of  the  sidewalk,  and  is  paved  with  Belgian 
blocks.  Over  the  northern  half  and  along  the  west  side  there  is  a 
second  floor.  This  upper  floor,  used  for  storage,  is  reached  by  an^ 
inclined  driveway  outside  the  structure. 

The  front  of  the  building.  Fig.  2,  Plate  XXX,  is  of  brick,  with 
buff  brick  facing,  and  the  sides  are  of  Phoenix,  hollow,  tile-block 
construction,  stuccoed  on  the  outside.  The  pilasters  beneath  the 
roof  trusses  are  of  red  brick,  locked  into  the  tile  blocks,  course  and 
course. 

The  roof  is  supported  by  steel  trusses  and  purlins,  and  is  covered 
with  saturated  roofing  felt,  coal-tar  pitch  and  gravel.  The  upper 
floor  is  of  reinforced  concrete  on  steel  beams  and  girders,  supported 
on  steel  pipe  columns. 

The  windows  are  as  large  as  could  conveniently  be  made,  con- 
sistent with  strength  in  the  walls. 

A  division  wall  of  tile  blocks,  carried  to  the  upper  floor,  divides 
the  receiving  space  from  the  furnace  space,  and  keeps  the  com- 
bustible material  away  from  the  fires.     This  wall  does  not  reach  en- 
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tirely  across  the  building,  and  the  space  is  used  as  a  driveway  for 
^sh  carts,  which  can  enter  at  one  of  the  side  doors  and  pass  out  at 
the  other. 

Conveyor. — The  conveyor  is  of  the  metallic,  apron  type,  48  in. 
wide,  with  side  angles  to  hold  the  rubbish.  The  flights  are  each 
G  in.  long  and  the  full  width  of  the  conveyor,  and  are  lapped  over 
each  other,  so  that  there  is  no  space  between  them  as  they  travel 
over  the  head  shafts.  Fig.  1,  Plate  XXXII,  shows  the  conveyor  as 
it  rises  from  the  receiving  floor  to  the  tops  of  the  furnaces,  and 
passes  between  the  sorting  boxes. 

By  spreading  out  the  material  on  the  conveyor  the  opportunity 
for  picking  is  greatly  facilitated.  The  picking  and  sorting  privi- 
lege is  let  to  a  contractor,  who  pays  a  sum  sufficient  to  cover  more 
than  all  the  labor  charges  in  the  plant.  The  amount  of  material 
picked  out  varies  with  the  market  value  for  the  old  paper,  cans,  etc., 
between  25  and  40%  by  weight  of  the  material  delivered.  Some  of 
this  material,  baled  and  ready  for  removal,  is  shown  in  Fig.  3, 
Plate  XXX. 

To  facilitate  the  unloading  of  scows,  which  bring  rubbish  from 
•Cither  city  districts,  a  conveyor  across  East  Street  has  been  designed, 
but  not  yet  constructed,  Plate  XXXIII.  This  will  unload  the  ma- 
terial on  the  upper  floor,  from  which  it  will  be  pushed  through  a 
chute  to  the  main  conveyor. 

Both  these  conveyors  are  arranged  for  power  drives,  using  steam 
from  the  boilers.  The  speed  of  the  conveyor  is  controllable,  but  the 
working  speed  is  about  50  ft.  per  min. 

Charging  Platform. — The  platform  over  the  furnaces  is  of  steel 
■construction,  covered  with  steel  floor-plates.  The  conveyor  dumps 
upon  this  platform,  Fig.  2,  Plate  XXXII. 

Furnaces. — There  are  two  furnaces,  of  somewhat  different  de- 
sign. The  west  furnace  was  designed  by  F.  L.  Stearns,  Assoc.  M. 
Am.  Soc.  C.  E.,  and  has  two  grates  for  part  of  its  length.  The  area 
of  the  upper  grate  is  113  sq.  ft.  The  east  furnace  was  designed  by 
the  writer,  and  has  one  grate,  74  sq.  ft.  in  area,  divided  into  two 
cells  by  a  division  wall,  as  shovsm  in  Fig.  6.  The  material  is  fed 
through  two  chutes  at  the  back,  is  stoked  forward  on  the  grate  as 
wanted,  and  the  clinkers  are  pulled  out  through  the  stoking  doors. 
Fig.  7.     The  motion  of  the  material  is  thus  continuous.     This  sys- 
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tern  has  worked  well,  with  the  exception  of  the  damage  to  the  fire- 
brick lining  due  to  the  stoking  tools,  and  improvements  are  planned 
to  remedy  this  trouble. 

Both  furnaces  are  of  brick,  with  fire-brick  lining,  and  are 
strongly  tied  with  stays  made  of  8-in.  channels  set  in  pairs. 

The  hot  gases  pass  through  a  cross-flue,  with  dampers,  either  to 
the  boilers  or  to  the  stack.  The  dampers  are  of  special  tile,  and 
necessarily  very  large.  Fig.  8.  They  are  raised  and  lowered  by 
triplex  blocks  and  chains. 


CROSS-SECTION  OF  EAST  FURNACE 


Fig.  7. 

The  material  burns  freely,  often  consuming  at  the  rate  of  40  lb. 
per  sq.  ft.  of  grate  per  hour.  Even  when  wet,  that  is,  rainy  day 
collections,  or  when  wet  street-sweepings  are  fed  in,  the  efiect  is  not 
detrimental  to  rapid  combustion.  When  dry,  the  smoke  from  the 
stack  has  a  light  bluish  color,  and  when  wet  a  light  yellowish  tinge. 
Earely  does  the  smoke  exceed  the  amount  shown  in  Figs.  1  and  2, 
Plate  XXXiV.  These  photographs  were  taken  when  the  furnaces 
-were  burning  about  35  lb.  per  sq.  ft.  of  grate  per  hour,  the  former 
when  the  rubbish  was  dry  and  the  latter  when  it  was  wet. 
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On  the  end  of  each  furnace  there  is  a  large  door,  to  feed  in  beds, 
furniture  and  similar  bulky  articles.  Fig.  1,  Plate  XXXV,  shows 
the  stoking  doors  on  the  front  of  the  east  furnace. 

Boilers. — The  boilers  are  Stirling  water  tubular.  Fig.  2,  Plate 


TILE  DAMPLR   USED   IN   FLUE 
Fig.  8. 


XXXV,  and  each  contains  1  890  sq.  ft.  of  effective  heating  surface. 
The  tubes  are  3J  in.  in  diameter.  Each  boiler  has  its  regular  coal 
grate,  and  as  the  hot  gases  from  the  rubbish  furnaces  enter  above 
these  grates,  they  are  always  ready  for  coal  firing  (by  simply  arrang- 
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ing  the  dampers),  should  any  accident  happen  to  the  fuel  supply. 
The  coal  firing  doors  are  placed  on  one  side  of  the  boiler  setting, 
instead  of  at  the  end,  as  usual,  a  change  made  to  accommodate  the 
arrangement  of  the  plant. 

Each  boiler  has  a  feed-water  economizer  coil  of  brass  pipe,  set 
in  the  flue  to  the  stack.  These  coils  are  connected  with  unions  and 
can  be  withdrawn  at  any  time  without  stopping  the  plant. 

Stack. — The  stack  is  of  hollow,  radial-block  construction,  built 
by  M,  W.  Kellogg  and  Company.  It  is  200  ft.  high,  so  that  the 
top  would  be  75  ft.  above  the  roadway  of  the  bridge.  The  outside 
diameter  at  the  base  is  17  ft.  and  at  the  top  5  ft.  9  in.  The  stack  is 
lined  to  a  height  of  135  ft.  above  the  foundation.  The  lining  above 
the  smoke  inlet  is  of  unusual  construction,  being  in  the  form  of  a 
continuous  helical  band,  16  ft.  5  in.  high  at  any  point.  It  is  sup- 
ported on  corbels,  but,  being  arranged  helically,  there  are  only  three 
corbel  blocks  in  each  horizontal  row  of  the  outer  column.  The  ob- 
ject of  this  helical  arrangement  is  to  prevent  the  outer  column  from 
cracking,  when  exposed  to  sudden  changes  in  temperature,  due  to 
continuous  corbeling  in  horizontal  courses.  This  arrangement  is 
shown  in  Fig.  9. 

The  foundation  is  of  concrete,  supported  on  piles. 

The  Electric  Lighting  Station. 

Building. — In  order  to  utilize  the  steam  generated,  an  electric 
lighting  station  was  built  by  the  Department  of  Bridges,  from 
plans  by  the  writer.  The  building  is  60  ft.  deep  and  50  ft.  wide, 
and  is  separated  from  the  incinerator  building  by  20  ft. 

It  is  of  steel  skeleton  construction,  with  the  trusses  supporting  a 
reinforced  cinder-concrete  roof,  covered  with  felt  and  coal-tar  pitch 
and  gravel.  The  curtain  walls  are  of  brick,  with  large  windows, 
and  are  made  to  match  the  other  building. 

The  north  half  of  the  building  has  a  second  floor  of  reinforced 
cinder-concrete  construction,  designed  to  be  used  at  some  future 
time  for  a  storage  battery  plant.  The  general  arrangement  is  shown 
in  Plates  XXXI  and  XXXVT. 

Machinery. — There  are  two  100-k.w.  and  one  50-k.w.  direct- 
connected  units.     The  generators  are  multipolar,  direct-current  ma- 
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chines,  built  by  the  Burke  Electric  Company,  and  arranged  for  the 
three-wire  system.  They  are  all  wound  for  250  volts,  with  125  volts 
on  either  side. 

The  generators  are  driven  by  "Ideal,"  cross-compound,  horizontal, 
condensing  engines,  the  large  units  having  cylinders  12  and  20  in. 
in  diameter  with  12-in.  stroke,  and  the  small  unit  9  and  16  in.  in 
diameter  with  10-in.  stroke. 

Each  unit  has  an  independent  Blake,  vertical  beam,  jet  con- 
denser, for  which  the  suction  and  discharge  are  connected  to  the 
East  River.  The  exhausts  are  all  by-passed,  and  extend  through 
the  roof,  so  that  the  engines  can  be  operated  as  non-condensing. 

The  exhausts  from  the  condensers  and  feed  pumps  are  passed 
into  an  open  feed-water  heater  of  the  "Cockrane"  type,  into  which 
are  also  returned  the  discharges  from  all  traps  that  do  not  handle 
oil  or  grease. 

Piping. — The  piping  is  as  simple  as  possible.  The  steam  main 
is  7  in.  in  diameter,  graded  down  from  the  boilers,  with  the  far  end 
turned  down  to  form  a  pocket  for  drainage  of  condensation,  and 
trapped.  The  supply  branches  are  all  taken  from  the  top,  and  ex- 
pansion is  provided  for  by  easy  bends. 

Current. — The  electricity  generated  is  used  to  light  the  Wil- 
liamsburg Bridge,  the  incinerator  building  and  the  lighting  station. 

The  cables  are  in  underground  conduits  to  the  foot  of  the  inter- 
mediate tower  of  the  bridge,  whence  they  are  carried  up  the  tower 
to  the  electric  distribution  of  the  bridge. 

The  number  of  lights,  etc.,  at  present  connected,  is  given  in 
Table  16,  but  when  the  storage  plant  is  completed,  the  electric  sta- 
tion can  have  a  day  load,  and  the  current  thus  stored  can  be  used 
for  additional  work  as  well  as  to  assist  the  bridge  load  in  cases  of 
accident. 

TABLE  16. — Lights,  etc..  Supplied  by  Lighting  Station. 


Lights,  etc. 

Bridge. 

168 

707 

20 

3 

Incinerator. 

Station. 

2  000-c.  p.  arc  lamps 

16-c.  p.  incandescent  lamps 

Electric  heaters 

8 
40 

4 
20 

Electric  motors 
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The  plant  was  formally  opened  by  Mayor  McClellan  on  October 
30th,  1905.     The  cost  of  the  plant  was  as  follows: 
Incinerator,    including   building,    stack,   east 

furnace,  and  equipment $26  Y68 

West    furnace 4  000 

Eunway 1  550 

•      Conveyor 1 875 

Lighting  station,  including  building,  all  ma- 
chinery, boilers,  and  electrical  equipment.  49  391 

Total  cost $83  584 

On  December  20th  and  21st,  1905,  the  writer  conducted  evapora- 
tive tests,  the  data  and  result  of  which  are  given  in  Table  17.  Each 
boiler,  with  its  furnace,  was  tested  separately,  under  similar  con- 
ditions. 

Figs.  1  and  2,  Plate  XXXIV,  show  the  average  condition  of  the 
smoke  during  the  tests. 

Fig.  10  shows  an  average  steam  card  produced  on  a  night  run. 
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SAMPLE  STEAM  CARD,   DURING  HOURS  OF   BRIDGE  LIGHTING. 
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Fig.  10. 


During  the  ordinary  weekday,  the  quantity  of  rubbish  consumed  is 
about  160  loads,  equivalent  to  22  560  lb. 
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TABLE  17. — ^Data  and  Eesults  of  Evaporative  Tests;  Rubbish 

Incinerator  and  Electric  Lighting  Station,  Delancey  Slip, 

Borough  of  Manhattan,  New  York. 

Trials  made  by  H.  de  B.  Parsons. 
Kind  of  fuel,  city  rubbish  collections. 
Method  of  starting  and  stopping,  alternate. 
Make  of  boilers,  Stirling  Water  Tubular. 


Data. 


West  boiJer. 


6  876 

1800 

250 


Grate  surface  of  furnace 

Efifective  water-heating  surface 

Surface  of  feed-water  heater  coil  in  flue 

Total,  Quantities. 

Date  of  trial 

Duration  of  trial 

Weather 

Condition  of  rubbish 

Weight  of  rubbish  delivered 

Weight  of  rubbish  picked  out  as: 

marketable 

paper 

rags 

cans 

Weight  of  rubbish  burned 

Weight  of  ash,  estimated 

Total  weight  of  water  fed  to  boiler 

Equivalent  water  evaporated,  from  and  at 

212° 

Number  of  furnace  men: 

stokers 

feeders  

Equivalent  evaporation  per  man  per  ton 

Hourly  Quantities. 

Rubbish  consumed  per  hour 

"  "  "        "  per  square  foot  of  grate 

Water  evaporated  per  hour 

Equivalent  evaporation  per  hour,  from  and  at  212° 
Equivalent  evaporation  per  hour,  from  and  at  212°, 

per  square  foot  of  heating  surface 

Averages. 

Temperature  of  external  air 

Barometer,  inches 

Steam  pressure  by  gauge 

Temperature  of  feed- water 

Temperature  of  gases  entering  boiler 

"  "        •'     under  "      

"  "        "     escaping  from  boiler 

Force  of  draft,  under  boiler,  inches 

"      ■'       "      in  flue  to  stack,  inches 

Boiler  horse-power  developed 

Economic  Results. 
Water  evaporated,  actual,  per  pound  of  rubbish. 
Equivalent  evaporated  per  pound  of  rubbish 


1 : 


113  sq.  ft. 

890    •'     " 
60    "     " 


Dec.  20th,  '05. 

5.5  hours. 

Fair. 

Dry. 

31193     lb. 

8  926       •' 


22  267 

10!^ 
29  925 

36  568 


365      " 

4  048.5  " 

35.8  " 

5  440.9   '• 

6  648.7  " 

3.51" 

46°  fahr. 

30.32 

1171b. 

40^  fahr. 


1  525°  fahr. 

466°      " 

0.75 

1.30 

192.7 

1 .34  lb. 
1.64   " 


East  boiler. 


1435 
610 

200 


74  sq.  ft. 
1  890  "     " 


Dec.  21st,  '05. 

5.5  hours. 

Rainy. 

Wet. 

21  175     lb. 

7  245       "■ 


13  930 

10^ 
24  675 

30  054 
4 


1078      " 

2  532.7  " 

34.2  " 

4  486.2  " 

5  464.2  " 

2.89" 

49°  fahr. 
29.64 
1001b. 
40°  fahr. 
1  740°    " 
1  400°     " 
412°      " 
0.55 
1.15 
158.4 

1.771b. 
2.16  " 


The  cost  of  operating  the  plant  by  the  City,  showing  the  debits 
and  credits,  is  given  in  the  financial  statement.  Table  18.  Pri^r  to 
the  construction  of  the  plant,  the  material  was  loaded  on  scows  and 
taken  to  land-fills.     (Previous  to  the  administration  of  Commis- 
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sioner  Woodbury,  much  of  this  material  was  dumped  at  sea.)  These 
scow  loads  contained  the  collections  of  ashes,  street-sweepings  and 
rubbish.  The  rubbish,  therefore,  was  reduced  in  bulk,  both  by  com- 
pression and  by  the  ashes  filling  in  the  voids. 

The  cost  to  the  City,  for  towing,  unloading  and  scow  hire,  aver- 
aged, in  1905,  $0.1569  per  cu.  yd.  of  mixed  material.  Erom  a  study 
of  the  records  kept  by  the  City,  the  reduction  of  the  rubbish  as  col- 
lected and  delivered  occupies  three-tenths  of  its  original  volume 
when  loaded  on  the  scows. 

An  average  day's  work  at  the  plant  represents  about  1  050  cu.  yd. 
of  rubbish  delivered  during  24  hours. 

TABLE  18. — Financial  Statement. 

One  Day's  Work.    Delancey  Slip  Plant. 

Cost  of  disposal  of  rubbish  on  land-fills. 

1  050  cu.  yd.  delivered,  compressed  on  scows,  after 

trimming,  to  315  cu.  yd. 
315  cu.  yd.  at  $0.1569 $49.42 

Cost,  Incinerator. 
Labor    

Ash  removal,  7.6  cu.  yd.  at  $0.1569   $1.20 

Supplies  and  repairs 8.00 

Interest,  Si%  on  $34  193 3.28 

12.48 

Saving  per  day $36.94 

Saving  per  year,  $13  483,  or  39.4%  on  cost. 

Cost,  Electric  Lighting  Station. 

Cost  of  buying  electricity $80.00 

Labor   $20.00 

Supplies,  repairs  and  sundries 8.00 

Interest,  3i%  on  $49  391 4.74 

32.74 

Saving  per  day $47.26 

Saving  per  year,  $17250,  or  35%  on  cost. 
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The  total  saving,  as  shown  by  Table  18,  on  the  combined  plant  is 
$30  733  per  annum,  or  36.7%  on  the  cost. 

There  is  included  in  Table  18  no  cost  for  labor  charges  in  the 
ir.cinerator  plant,  because  the  privilege  of  picking  out  the  market- 
able rubbish  on  the  belt  conveyor  is  under  contract,  and  the  con- 
tractor pays  to  the  City  a  sum  which  slightly  exceeds  the  expenses 
of  labor  in  the  incinerator  building,  including  the  operation  of  the 
boilers.  Taxes  are  not  included,  because  the  plant  is  built  on  City 
property,  purchased  to  protect  the  bridge  structure  overhead. 

Prior  to  the  erection  of  the  Delancey  Slip  plant,  the  Department 
of  Street  Cleaning  made  tests  on  the  burning  of  rubbish  in  a  build- 
ing on  North  Moore  Street  and  at  the  rubbish  incinerating  plant 
erected  at  the  foot  of  West  Fourth  Street,  with  the  results  given  in 
Table  19.  These  experiments  were  carried  on  during  1903  and  1904. 
At  the  North  Moore  Street  plant  a  second-hand  return-tubular  boiler 
was  used,  with  a  grate  and  setting  arranged  to  accommodate  the 
rubbish. 

TABLE  19. 


North 
Moore  St. 

Forty-seventh  Street 
Incinerator. 

Duration  of  trial,  hours 

6 

2 

90 

2  760 

9  316 

50° 

80 

11  101.00 

13  365 

1.43 

3 

Grate  surface,  square  feet 

90 

Boiler  heating  surface,  square  feet 

324 

3  324 

50° 

10 

3  968.75 

4  648 

1.40 
1  500° 

2  760 

Rubbish  burned,  pounds 

10  054 

Temperature  of  feed  water,  degrees,  fahr 

Steam  pressure,  pounds 

50- 
80 

Water  evaporated,  pounds 

Equivalent  evaporation,  from  and  at  212°  fahr., 
pounds 

15  139 

Equivalent  evaporation,  from  and  at  212°  fahr., 
pounds  per  pound  of  rubbish 

1.50 

Temperature  or  furnace,  degrees,  fahr 

Ashes  removed,  pounds 

907 
1381.4 

British  thermal   units   required  for  evapora- 
tion of  water  from  and  at  212°  fahr.,  per 
pound  of  rubbish 

1  352.4 

1  449.0 

The  ashes  produced  at  the  Forty-seventh  Street  and  at  the  De- 
lancey Slip  rubbish  incinerating  plants  were  analyzed  by  the 
Lederle  Laboratories,  with  the  following  results : 
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Sample  of  Ashes  from  West  Forty-seventh  Street  Incinerator: 

Moisture   2.12% 

Potassium  carbonate 2.65% 

Calcium  phosphate 1.98% 

Alkaline  earth  carbonates,  silicates,  soda,  oxides 

of  iron  and  alumina,  etc 68.05% 

Organic  and  volatile  matter  (loss  on  ignition) .  25.20% 


100.00% 


Sample  of  Ashes  from  Delancey  Slip  Incinerator: 

Moisture   0.75%- 

Nails  and  other  metal 5.48% 

Broken  glass 4.05% 

Bone    phosphate 2.71% 

Potash 0.46% 

Alkaline  earth  carbonates,  silicates,  soda,  oxides 

of  iron  and  alumina,  etc 60.91% 

Organic  and  volatile  matter  (loss  on  ignition) .   25.64% 

100.00% 
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For  some  years  a  large  part  of  the  writer's  professional  work  has 
been  the  investigation  of  existing  bridges  which  are  subjected  to 
loads  greater  than  those  for  which  they  were  originally  designed; 
and,  in  the  course  of  this  work,  he  has  found,  among  bridge  en- 
gineers, such  a  divergence  of  views  regarding  the  maximum  unit 
stresses,  etc.,  which  may  be  safely  allowed  in  an  existing  structure, 
that  he  takes  this  opportunity  of  bringing  the  matter  before  the 
Society  for  discussion,  in  the  hope  that  thereby  greater  uniformity  of 
opinion  may  be  established.  The  rapid  development  of  electric 
traction  lines,  both  urban  and  interurban,  many  of  which  are  built 
upon  highways,  has  had  the  effect  of  overloading  many  highway 
bridges. 

The  writer  has  in  mind  an  interurban  line  which  was  built  upon 
a  highway  and  crossed  many  bridges.  The  engineer  in  charge, 
who  was  not  a  bridge  engineer,  reviewed  the  stresses  caused  by  the 
new  loading,  and  condemned  every  structure  in  which  they  exceeded 
those  reconamended  by  a  certain  standard  specification  for  highway 

Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  Is  Invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  In  a  subsequent  number  of  Proceedings,  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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bridges.  On  the  other  hand,  lines  have  been  built  over  old  highway 
bridges  without  any  investigation  whatever  being  made  as  to  the 
strength  of  the  bridges.  It  is  hardly  necessary  to  state  that  such 
lines  were  built  by  promoters,  without  the  aid  of  competent  engineers. 

One  promoter,  desiring  to  show  his  contempt  for  engineers  in 
general,  told  the  writer  that  he  had  built  an  interurban  line,  ten 
iniles  in  length,  and  that  his  total  expense  for  engineering  services 
amounted  to  $75.  The  writer  having  ridden  over  this  line,  sees  no 
reason  to  doubt  the  promoter's  statement. 

It  is  the  writer's  practice,  when  called  upon  to  report  concerning 
the  safety  of  an  existing  structure,  to  make  a  careful  examination 
of  the  structure  in  the  field,  in  order  to  determine  the  following 
points : 

First. — The  general  dimensions; 

Second. — The  sizes  of  the  members,  connections,  etc.,  making  full 
allowance  for  corrosion,  if  any; 

Third. — The  character  of  the  material,  whether  steel  or  iron; 

Fourth. — The  workmanship ; 

Fifth. — The  presence  of,  or  liability  to,  secondary  stresses. 

The  stresses  are  then  computed,  and  to  the  dead-load  and  live- 
Iciad  stresses  an  amount  is  added  to  cover  those  due  to  impact,  vibra- 
tion and  similar  secondary  stresses.     In  computing  this  allowance 

for  secondary  stresses,  the  rational  impact  formula,  I  =  L   

'  i   +  D, 

is  used,  in  which  /  equals  the  allowance  to  be  made  for  secondary 
stresses,  L,  the  stress  due  to  the  live  load  considered  as  a  static  load, 
and  D,  the  stress  due  to  the  dead  load  only.  In  case  there  exist 
secondary  stresses  due  to  eccentric  connections,  which  are  very  com- 
mon in  old  highway  bridges,  or  due  to  other  defects  in  design  or 
execution,  these  should  be  added  to  obtain  the  maximum. 

In  regard  to  allowable  unit  stresses,  it  may  be  stated,  as  a  general 
principle,  that  the  greatest  possible  stress  in  any  member  should  not 
exceed  the  elastic  limit  of  the  material. 

There  are  two  reasons  why  this  limit  has  been  used : 

First. — In  exceeding  the  elastic  limit,  the  stress  causes  a  per- 
manent distortion  of  the  member,  which,  in  turn,  causes  a  change  in 
the  conditions  which  were  assumed  in  computing  the  stresses. 

Second. — The  classical  experiments  of  Wohler  and  Bauschinger 
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demonstrated  that  repeated  strains  greater  than  the  elastic  limit  of 
the  material,  but  much  less  than  the  ultimate  strength,  might  cause 
rupture.* 

It  is  well  known  that  eye-bars  and  built-up  members  do  not 
develop  the  full  strength  indicated  by  their  sections  and  by  tests  on 
small-sized  pieces,  and  it  would  appear  that  it  is  not  safe  to  assume 
the  elastic  limit  of  full-sized  members  to  be  more  than  about  75%  of 
the  elastic  limit  indicated  by  tests  on  small  test  pieces  of  the  ma- 
terial of  which  these  members  are  composed.  It  has  also  been  demon- 
strated that  single  angles,  connected  by  one  leg  only,  cannot  be  de- 
pended upon  to  develop  more  than  about  60%  of  their  computed 
strength.t 

The  second  cardinal  principle,  then,  as  used  by  the  writer,  may 
be  stated  as  follows:  The  greatest  computed  unit  stress  in  any 
member  in  tension,  making  full  allowance  for  ordinary  and  extra- 
ordinary secondary  stresses,  should  never  exceed  75%  of  the  elastic 
limit  of  the  material  for  members  symmetrically  connected,  nor  60% 
of  the  elastic  limit  of  the  material  for  angles  connected  by  one  leg 
only.  The  latter  case  is  very  often  found  in  old  lattice  trusses. 
This  would  give,  for  symmetrically  connected  members  in  tension, 
working  stresses  of,  approximately,  20  000  lb.  per  sq.  in.  for  iron, 
24  000  lb.  per  sq.  in.  for  soft  steel,  and  26  000  lb.  per  sq.  in.  for 
medium  steel. 

In  examining  old  bridges,  it  is  necessary  to  note  carefully  the 
construction  of  the  compression  members,  as  they  are  often  in- 
sufficiently stiffened,  especially  the  T-sections  formerly  used  to 
such  an  extent.  The  writer  will  risk  the  statement,  drawn  entirely 
from  personal  knowledge,  that  more  failures  occur  in  compression 
members  than  in  tension  members,  and  he  has  in  mind  the  failure 
of  an  electric  railway  bridge  by  the  buckling  of  the  top  chord  (a  T" 
section)  under  a  unit  stress  in  the  steel  not  exceeding  22  000  lb.  per 
sq.  in.  Full  allowance  for  impact,  etc.,  as  outlined  above,  had  been 
made,  and  the  failure  was  entirely  due  to  the  lack  of  proper  stiffen- 
ing of  the  member. 

*  Paper  bv  H.  B.  Seaman.  M.  Am.  Soc  C.  E.,  on  "  The  Launhardt  Formula,  and  Rail- 
road Bridge  Specifications."  and  discussion  thereon  by  C.  C.  Schneider,  M.  Am.  Soc.  C. 
E.,  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLI,  pp.  140  and  173. 

+  Paper  by  J.  E.  Greiner,  M.  Am.  Soc.  C.  E.,  on  "  Tests  of  Bridge  Members,'"  Trans- 
actions, Am.  Soc.  C.  E.,  Vol.  XXXVIII,  p.  41. 
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It  is  the  writer's  practice  to  increase  the  stress  in  compression 

members    by   the    followin"'   formula,    *S,  =  >S  (  1  +  — — — - — -  )  ,  in 

'  \         18  OUU  r^/ 

which  Sj^  =  the  direct  unit  stress,  S^  =  the  maximum  unit  stress,  I  = 
the  length  of  the  member,  and  r  =  the  radius  of  gyration  of  the 
member,  in  inches.  This  will  be  recognized  as  Gordon's  formula  as 
ordinarily  used  for  pin-connected  columns. 

For  computing  the  stresses  in  an  improperly  designed  column,  no 
general  method  is  offered,  as  it  is  governed  by  the  peculiarities  of 
each  case.  It  is  in  cases  such  as  these  that  good  engineering  or 
structural  judgment  is  most  needed. 

Many  structures  are  unnecessarily  condemned  on  account  of 
rivets  overstressed  in  shearing  and  bearing.  The  usual  assumptions 
governing  such  cases  are  as  follows : 

First. — That  the  shearing  strength  of  the  material  is  equal  to 
two-thirds  of  the  tensile  strength,  and  that  the  bearing 
strength  is  equal  to  twice  the  shearing  strength; 
Second. — That  the  entire  stress  transferred  from  one  member 
to  another  must  be  considered  as  transferred  entirely 
by  the  rivets  in  shearing  and  bearing,  making  no  al- 
lowance whatever  for  the  friction  between  the  surfaces 
of  the  members; 
Third. — That  the  diameter  of  the  rivet  is  assumed  as  the 
diameter  before  driving. 

These  assumptions  would  give  maximum  allowable  stresses  for 
iron  rivets  of,  approximately,  13  300  lb.  per  sq.  in,  in  shear,  and 
26  000  lb.  per  sq.  in.  in  bearing.  The  writer's  experience  has  con- 
vinced him  that  riveted  connections  will  not  fail  under  any  such 
limits  of  stress,  and,  in  general,  rivets  will  not  begin  to  work  loose 
until  the  unit  stresses  are  nearly  twice  as  great  as  these. 

Table  1  gives  some  of  the  unit  stresses  in  bearing  of  the  flange 
rivets  of  built-up  stringers  of  railway  bridges  examined  or  com- 
puted by  the  writer.  All  these  bridges  were  on  railroads  carrying 
heavy  traffic,  and,  in  computing  the  stresses,  full  allowance  was 
made  for  impact,  etc.  Not  one  of  these  stringers,  as  far  as  the 
writer  is  aware,  ever  showed  signs  of  failure.  The  tensile  flange 
unit  stress  is  also  shown,  by  way  of  comparison  with  the  bearing 
stress. 


Papers.]  INVESTIGATION    OF    OVERLOADED    BRIDGES.  331 

The  writer  has  considered  that  the  reason  for  this  great  dis- 
crepancy between  theory  and  observed  results  lies  in  the  neglect  of 
the  element  of  friction  between  the  two  faces  of  the  members  in  con- 
tact. This  tlaeory  seems  to  be  confirmed  by  the  results  of  such  tests 
as  have  been  made. 

Tests  to  determine  the  friction  of  riveted  joints  were  made  at  the 
Watertown  Arsenal,  in  1882.  These  demonstrated  that  the  friction 
developed  between  the  surfaces  of  the  plates  of  a  riveted  joint  is  a 
function  of  the  area  of  the  rivet  section,  and,  therefore,  is  directly 
comparable  with  the  shearing  value  of  the  rivet.  These  tests  show 
the  value  of  the  friction  to  be  about  14  000  lb.  per  sq.  in.  of  rivet 
section  for  the  single  surfaces  in  contact,  for  a  lap-joint,  and  about 
18  000  lb.  per  sq.  in.,  for  joints  providing  two  contact  surfaces.  As 
these  values  are  higher  than  those  usually  allowed  for  rivets  in 
shear,  it  follows  that,  in  riveted  joints,  the  working  stresses  are 
transmitted  entirely  by  friction,  and  the  shearing  and  bearing  resist- 
ances of  the  rivets  are  not  brought  into  play  until  much  higher 
values  of  stress  are  reached. 

It  would  appear  that  the  ordinary  working  values  of  rivets  ia 
shear  and  bearing  might  well  be  increased,  in  the  design  of  new 
work,  and  that  the  maximum  allowable  stresses  in  old  structures 
might  also  be  increased. 

European  bridge  engineers  have  stated  that  European  practice 
allows  a  much  higher  value  of  rivets  in  shear  and  bearing  than 
American  practice,  and  that  they  have  never  had  trouble  from  this 
source.  Therefore,  it  is  perfectly  safe  to  allow  shearing  and  bearing 
values  equal  to  the  allowed  value  of  the  material  in  tension  for 
shear,  and,  to  double  this  amount  for  bearing,  provided  there  are 
enough  rivets  in  the  connection,  and  that  the  workmanship  is  such 
as  required  to  develop  friction  between  the  surfaces  of  the  material. 
This  would  give  values  of,  approximately,  22  500  lb.  per  sq.  in.  in 
shear,  and  45  000  lb.  per  sq.  in.  in  bearing,  for  rivet  steel  having  a 
minimum  elastic  limit  of  30  000  lb.  per  sq.  in.,  to  be  used  in  exam- 
ining old  structures. 

A  set  of  experiments  on  riveted  joints  was  recently  made  for  a 
committee  of  the  American  Railway  Engineering  and  Maintenance- 
of-Way   Association.*    These   experiments    were   made   on   ninety 


*  Bulletin  No.  63,  American  Railway  Engineering  and  Maintenance  of- Way  Associa- 
tion, April,  1905. 
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small  riveted  test  pieces,  whicli  were  tested  to  destruction,  the  failure 
occurring,  in  a  majority  of  cases,  by  the  shearing  of  the  rivets  at 
unit  stresses  of  from  45  000  to  50  000  lb.  per  sq.  in.  of  rivet  section 
before  driving,  or  by  the  breaking  or  splitting  of  the  plates. 

The  values  of  the  rivets  in  bearing  upon  the  plates  were  approxi- 
mately twice  the  shearing  values  at  the  point  of  failure.  The  con- 
clusions drawn  by  the  committee  are  repeated  here: 

"(1)  That  the  resistance  of  a  riveted  joint  against  deformation 
by  shearing  forces,  up  to  the  yield  point,  is  due  to  the  friction  be- 
tween the  surfaces  held  in  contact  by  the  rivets. 

"(2)  That  the  yield  point  of  a  riveted  joint  is  reached  when  the 
shearing  forces  are  equal  to  the  friction  of  the  surfaces  held  in  con- 
tact by  the  rivets. 

"(3)  That  the  deformation  of  a  riveted  joint  at  the  yield  point 
is  caused  by  the  slipping  on  each  other  of  the  surfaces  held  in  con- 
tact by  the  rivets,  and  is  due  to  the  diametral  contraction  of  the 
rivets  in  cooling  after  they  are  driven,  which  leaves  a  space  between 
the  body  of  the  rivet  and  the  edge  of  the  rivet  hole. 

"(4)  That  after  the  slip  at  the  yield  point  has  occurred  and  the 
rivet  is  brought  to  bear  against  the  edge  of  the  rivet  hole,  a  de- 
formation of  the  body  of  the  rivet  takes  place  with  an  accelerating 
increase  in  the  resistance  until  the  entire  side  of  the  rivet  has  been 
brought  to  bear  against  the  edge  of  the  rivet  hole,  and  that  the  de- 
formation continues  beyond  this  point  with  a  diminishing  increase 
in  the  resistance  until  the  ultimate  strength  of  the  rivet  in  shear 
has  been  reached  and  the  breakdown  occurs. 

"(5)  That  lap  joints,  on  account  of  the  unsymmetrical  distribu- 
tion of  material,  deflect  sideways  under  strain,  throwing  the  rivets 
in  tension,  and  thereby  reducing  the  shearing  forces  between  the 
surfaces  held  in  contact  by  the  rivets. 

"(6)  That  fillers  inserted  between  the  main  plates  reduce  the 
strength  of  a  riveted  joint,  but  that  the  full  strength  can  be  ob- 
tained by  connecting  the  fillers  to  the  main  plates  by  additional 
rivets. 

"(7)  That  the  number  of  rivets  connecting  the  fillers  to  the  main 
plates  should,  for  each  intervening  filler,  be  about  one-third  the 
number  of  rivets  required  in  a  similar  joint  without  fillers,  to  obtain 
the  same  strength  in  both  cases. 

"(8)  That  the  strength  of  a  riveted  joint  with  rivets  of  larger 
grip  than  about  four  times  their  diameter  is  decreased,  as  the  length 
of  the  grip  is  increased. 

"(9)  That  the  number  of  rivets,  in  a  riveted  joint  with  larger 
grip  of  the  rivets  than  four  times  their  diameter,  should  be  increased 
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at  least  one  per  cent,  for  each  oue-sixteentli  of  an  inch  increase  in 
the  grip  above  this  length,  to  obtain  the  same  strength  as  a  similar 
joint  with  the  grip  of  the  rivets  shorter  than  four  times  their 
diameter. 

"(10)  That  a  riveted  joint,  subject  to  forces  always  acting  in  the 
same  direction,  may  safely  be  strained  beyond  the  yield  point  up  to 
a  point  where  the  rivets  are  brought  to  bear  against  the  edges  of  the 
rivet  holes. 

"(11)  That  a  riveted  joint  subject  to  forces  alternating  in  oppo- 
site directions,  may  not  safely  be  strained  up  to  the  yield  point. 

"(12)  That,  to  obtain  a  minimum  slip  at  the  yield  point,  it  is 
necessary  that  the  holes  in  the  component  pieces  should  thoroughly 
match  and  that  the  driving  tool  should  upset  the  rivet  throughout 
its  length  so  that  it  will  thoroughly  fill  the  rivet  hole." 

If  the  third  conclusion  be  true,  that  rivets,  in  cooling,  contract 
to  such  an  extent  that  a  space  is  left  between  the  rivet  surface  and 
the  side  of  the  rivet  hole,  why  is  it  that  all  rivets  do  not  test  loose 
under  the  inspector's  hammer?  It  is  the  firm  conviction  of  experi- 
enced inspectors  that  they  can  detect  any  rivet  that  is  not  com- 
pletely upset.  Is  it  possible  that  these  men  are  mistaken,  and  that 
rivets  which  test  loose  do  so  only  because  the  grip  of  the  rivet  heads 
on  the  plate  is  not  great  enough  to  prevent  their  movement? 

This  theory  has  been  advanced  before  by  European  engineers, 
but  the  writer  has  seen  specimens  of  riveted  joints,  which,  when 
savm.  through  the  rivet  and  polished,  showed  only  a  fine  hair  line 
dividing  the  rivet  surface  from  the  sides  of  the  hole,  which  indi- 
cated a  perfectly  tight  rivet.  Of  course,  as  is  well  known,  in  the 
case  of  long  rivets,  they  are  entirely  upset  only  at  the  ends,  and  a 
space  is  often  left  between  the  rivet  surface  and  the  side  of  the  hole 
at  the  center  of  the  shank.  Furthermore,  the  writer  is  loath  to  be- 
lieve that  the  many  thousands  of  rivets  which  he  has  tested  and 
found  to  ring  true  could  have  done  so  unless  the  rivet  sides  wera  in 
contact  with  the  sides  of  the  hole,  at  least  for  some  distance  under 
the  head. 

Cannot  the  slipping  of  the  plates,  at  the  stress  which  is  suf- 
ficient to  overcome  the  friction  between  their  surfaces,  be  explained 
on  the  ground  of  the  compressibility  of  the  metal,  since  apparently 
the  slipping  always  occurs  at  a  high  stress.  The  experiments  of 
M.  Considere,  in  France,  indicate  slipping  at  a  stress  equal  to  ap- 
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proximately  four-tenths  of  the  ultimate  shearing  strength  of  the 
rivets,  while  the  records  of  the  experiments,  conducted  by  the  com- 
mittee referred  to,  do  not  indicate  any  extraordinary  movement  of 
the  plates  when  the  slip  occurred,  subsequent  increments  of  load 
causing  movements  of  the  plate  comparable  to  the  original  slip.  Is 
it  not  probable  that  the  driving  operation  causes  a  state  of  com- 
pression to  exist  in  the  rivet  metal  and  in  the  surrounding  plate 
sufficient  to  take  up  the  contraction  due  to  cooling? 

When  the  stress  becomes  sufficient  to  overcome  the  friction  be- 
tween the  plates,  the.  sudden  reduction  of  the  coefficient  of  friction 
would  bring  about  half  this  stress  suddenly  upon  the  rivets,  and 
considerable  movement  would  be  expected,  due  to  the  compression 
of  the  material,  even  if  the  rivets  were  perfectly  tight. 

There  is  another  point,  which  concerns  the  design  of  new  work 
as  well  as  the  investigation  of  old  work,  to  which  attention  should 
be  called. 

In  the  design  of  plate  girders  it  is  the  general  custom,  in  the 
United  States,  to  take  the  effective  depth  of  the  girder  as  the  dis- 
tance between  the  centers  of  gravity  of  the  flanges,  when  obtaining 
flange  stresses,  and  the  distance  between  the  rivet  lines  as  the 
effective  depth  when  obtaining  the  rivet  values,  which  are  dependent 
upon  the  stress  transferred  from  the  webs  into  the  flanges  in  a  given 
distance.  Since  the  latter  stress  is  simply  an  increment  of  the  for- 
mer, it  would  seem  inconsistent  to  use  different  depths  of  girder  for 
the  two  cases.  Would  not  the  more  rational  method  be  to  assume 
the  effective  depth  of  the  girder  as  variable,  and  use  the  same  depth 
for  both  purposes? 

At  the  ends  of  the  girder  there  is  no  flange  stress,  and,  therefore, 
the  effective  depth  of  the  girder  is  evidently  the  distance  from  center 
to  center  of  rivets,  while  at  the  center  of  the  girder,  considering  the 
same  to  be  uniformly  loaded,  there  is  no  shear,  and  all  the  stress  has 
found  its  way  into  the  flanges.  Evidently,  then,  the  distance  between 
the  gravity  lines  of  the  flanges  is  the  correct  depth  of  the  girder  at 
this  point,  if  the  stress  be  uniformly  distributed  throughout  the 
flange  section,  as  it  seems  reasonable  to  assume. 

The  writer  has  found  many  cases  of  existing  girders  in  which 
the  maximum  rivet  stresses  were  found,  not  at  the  ends  of  the 
girder,  but  at  an  intermediate  point;  and  he  would  recommend  that, 
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in  such  cases,  a  depth  intermediate  between  the  distance  from  center 
to  center  of  gravity  of  the  flanges,  and  the  distance  from  center  to 
center  of  the  rivet  lines,  be  taken  as  the  effective  depth  for  all 
purposes. 

There  is  another  point  which  illustrates  well  the  difference  be- 
tween rules  for  designing  new  structures,  and  those  for  investigating 
old  ones. 

It  is  common  practice,  in  designing  plate  girders,  to  allow  no  part 
of  the  web  to  be  considered  as  flange  section.  Wliile  this  gives  an 
added  factor  of  safety  to  the  structure,  and  may  be  commendable  in 
designing  new  work,  there  can  be  no  doubt  but  that  the  web  will  do 
its  share  of  the  work  involved  in  resisting  flange  stresses,  in  spite  of 
the  prohibition,  and  this  fact  should  be  fully  considered  in  deter- 
mining the  strength  of  an  existing  structure,  as,  in  such  cases,  it  is 
desirable  to  know  the  actual  conditions  of  stress. 

The  writer  is  a  firm  believer  in  the  use  of  standard  specifications 
as  a  guide  in  designing  standard  structures,  and  believes  just  as 
firmly  that  they  should  not  be  followed  in  designing  structures  which 
are  of  an  extraordinary  or  unusual  nature,  and  should  not  be  used 
when  reporting  upon  the  safety  of  a  structure,  which  is,  in  itself, 
unusual,  or  is  subjected  to  unusual  conditions  of  loading. 

The  general  principles  of  bridge  design  should  constitute  the 
engineer's  sole  guide  in  such  cases,  and  his  only  purpose  should  be  to 
determine  the  actual  conditions  of  stress  in  the  various  parts  of  the 
structure,  basing  his  computations  on  actual  measurements,  and 
''rock-bottom"  principles,  unhampered  by  the  limitations  and  as- 
sumptions of  a  set  of  specifications  gotten  up  for  an  entirely  dif- 
ferent purpose. 
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By   Messrs.   H.   T.   Forchhammer,   Arthur   W.   French, 
Irving  P.  Church,  B.  R.  Leffler  and  George  Hill. 


Mr.  Forch-  H.  T.  FoRCHHAMMER,  Assoc.  M.  Am.  Soc.  C.  E. — Without  doubt, 
hammer,  reinforced  concrete  will  be  used  instead  of  steel  for  many  and  vari- 
ous constructions,  in  the  near  future,  and  any  contribution  to  the 
theory  or  practical  design  is  warmly  welcomed. 

The  speaker  thinks  that  Captain  Sewell  has  done  right  in  placing 
the  economical  design  in  the  foreground,  but  does  not  quite  approve 
the  way  in  which  the  problem  has  been  solved. 

The  stress-strain  curve,  as  advised  by  the  author,  is  probably 
the  best  one  available  until  the  results  of  experiments — made 
especially  for  this  purpose — are  at  hand. 

In  opposition  to  the  author,  the  writer  believes  that  total  failure 
occurs  when  the  stress  in  the  steel  reaches  the  elastic  limit.  Hence, 
the  ultimate  strength  of  the  beam  is  reached  when  the  steel  is 
stressed  to  the  elastic  limit,  or  the  concrete  is  compressed  to  its 
ultimate  strength. 

The  considerations  for  economical  design,  which  will  be  given 
herewith,  will  show  that  it  is  not  always  the  cheapest  beam  which  is 
designed  for  these  two  values  simultaneously, 

♦Continued  from  March,  1906,  Proceedings.  See  December,  1905,  Proceedings  for 
paper  on  this  subject  by  John  S.  Sewell,  M.  Am.  Soc.  C.  E. 
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The  author  advises  the  use  of  Equation  6  instead  of  Equations  Mr.  Forch- 
1  to  5.  If,  in  Equation  6,  a  is  replaced  by  the  proportion  of  d  given 
on  page  634,*  this  equation  vpill  give  practically  the  same  results  as 
Equations  1  to  5,  but,  if  a  and  d  are  considered  as  variables,  as  on 
page  637,*  the  connection  between  Equations  6  or  Y  and  Equations 
1  to  5  is  quite  changed. 

Suppose  Equation  7  to  be  solved  for  d,  using  a  value  for  a 
which  is  smaller  than  the  one  given  on  page  634;*  the  result  is  a 
beam  in  which  the  concrete  is  stressed  less  than  2  000  lb.  per  sq.  in. 
when  the  steel  is  stressed  to  its  elastic  limit.  If — on  the  other 
hand — Equation  7  is  solved  for  d,  using  for  a  a  value  larger  than 
given  on  page  634,*  the  result  is  a  beam  in  which  the  concrete  is 
stressed  more  than  2  000  lb.  per  sq.  in.  when  the  steel  is  stressed  to 
its  elastic  limit. 

The  result  of  the  author's  economical  considerations,  therefore, 
is  that,  for  concrete  beams  with  reinforcement  of  low  elastic  limit, 
it  is  cheaper  to  proportion  the  beam  with  less  steel  than  that  given 
on  page  634,*  but  the  author  says  nothing  about  the  relative  cost  of 
beams  reinforced  with  various  kinds  of  steel.  This  can  very  well 
be  done,  and  the  speaker  disagrees  absolutely  with  the  author  when, 
on  page  636,*  he  says  it  is  impossible — with  Equations  1  to  5 — ^to 
express  the  cost  in  terms  of  the  ratio  of  cost  of  steel  per  cubic  foot 
to  the  cost  of  concrete  per  cubic  foot,  because  this  ratio  is  entirely 
independent  of  the  ratio  between  the  maximum  allowable  stresses 
of  the  two  materials.  Just  because  these  two  ratios  are  entirely 
independent  of  each  other  it  is  possible  to  find  a  value  for  the  last- 
named  ratio,  leading  to  minimum  cost.  To  accomplish  this  the 
speaker  will  use  Equations  1  to  4,  and,  instead  of  Equation  5,  will 
use  Equation  6. 

With  h  =  1,-^  =  e. 

Let  F  =  the  maximum  compression  in  concrete. 
Using  Equations  3  and  1 : 

eF        ^  eF 
Substituting  f3  for  1  +  —^^  and  solving: 
d 


y,  =  d{l-^) 


*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  19(15. 
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Mr.  Forch-         This,  substituted  in  Equation  4,  gives 
hammei'.  -, 

a  tg  =  0.57  F  X    ,,  which,  substituted  in  Equation  6,  gives 
P 

m  =  hXclX  0.57  J^x|. 

Substituting  a  for  — ,  and  solving  : 

d  = 


To  express  h  by  <^,  Fig.  1  gives 
hd  =^  y^-^n  y^, 

for  n  =  0.64,     h  =  l  —  ^. 

Substituting  the  value  of  a  in  Equation  9, 

x=pX  0.57  FX  -fj+  d, 

as  0.57  F  X  ^^,  —  a, 

and  ^^  "^  V      ' 

a;     __     1      .    V  o:  p 
y  m        V  a         '^  ^s 

a  =  0.57  F  X  -\ 

it  will  be  seen  that  x  is  expressed  in  terms  of  i^.,  e,  J",  and  p. 

As  e  and  p  are  constants,  a;  is  a  function  of  F  and  t^  only  ;  hence, 
for  each  value  of  i,,  there  is  a  certain  value  of  _F,  making  x  a  minimum, 
or,  for  each  value  of  F,  there  is  a  certain  value  of  t^,  making  x  a 
minimum. 

These  values,  naturally,  are  purely  theoretical,  and  may  be  out- 
side the  practical  existing  limits ;  but  as  the  special  object  is  not  to 
get  an  absolute  minimum,  but  only  a  good  economical  design,  the 
speaker  is  of  the  opinion  that  it  may  be  of  interest  to  find  values  for 
the  relative  cost  of  beams  designed  for  various  values  of  t,  and  F. 
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In  the  formula  iust  developed,  Mr.Forch- 

■'  '       '  _  hammer. 

CC       _      1  .    -y/  aj) 


1  d 

the  first  member,  — -  =  ■        ,  is  due  to  the  cost  of  the  concrete  ;  the 

V  a        ym 

\/  ex  p 
last  member,— r— — ,  is  due  to  the  cost  of  the  steel.     In  Tables  3  to  7, 

1  py  a 

Ohas  been  substituted  for  -/^,  and  S  for      j^  ^    ■     In  these  tables,  in 

accordance  with  the  author's  opinion,  p  is  assumed  to  be  72,  and  e 
to  be  15.  The  ultimate  strength  of  concrete  in  compression  is 
assumed  to  be  2  300  lb.  per  sq.  in.  The  upper  part  of  Table  3  is  for 
medium  steel,  with  an  elastic  limit  of  33  000  lb.  per  sq.  in.  For  the 
various  percentages  of  steel,  the  speaker  has  calculated  the  compres- 
sion in  the  concrete,  represented  by  F;  the  depth  of  the  beam,  by 

—r^ ;  the  cost  of  the  concrete,  by  C ;  the  cost  of  the  steel,  by  8 ;  the 
V  m 

total  cost,  by  —7 —  ;  and  the  resisting  moment  is  for  a  beam  1  m. 

V  m 

wide  and  12  in.  deep. 

It  will  be  seen  that  the  cheapest  beams  are  those  in  which  the 
percentage  of  steel  is  from  1.1  to  1.4,  and  that  the  cost  does  not 
vary  much  if  the  percentage  is  only  a  little  outside  of  these  limits. 

The  lower  part  of  Table  3  is  for  hard  steel,  with  an  elastic  limit 
of  57  000  lb.  per  sq.  in.  For  the  other  items  the  values  are  the  same 
as  in  the  upper  part  of  Table  3. 

It  will  be  seen  that  the  cheapest  beam  is  that  in  which  the  full 
strength  of  the  concrete  and  the  elastic  limit  of  the  steel  are  reached 
simultaneously.  Here,  also,  a  little  variation  in  the  percentage  of 
the  steel  does  not  influence  the  cost  very  much;  but,  as  there  is  no 
actual  minimum  value  (but  two  independent  curves  intersecting 
at  the  minimum  point),  it  is  here  more  important  to  keep  close  to 
the  right  percentage. 

To  try  these  results  on  tests  the  speaker  used  a  very  interesting 
series  of  tests*  made  under  the  supervision  of  A.  N.  Talbot,  M.  Am. 
Soc.  C.  E. 

The  upper  part  of  Table  4  is  for  12-in.  beams  of  medium  steel 
(all  in  the  series)  with  an  elastic  limit  varying  from  30  000  to 
35  000  lb.  per  sq.  in.     This  table  shows  the   actual  percentage  of 


*  The  results  of  these  tests  are  published  in  Bulletin  No.  1  of  the  University  of 
Illinois  Engineering  Experiment  Station,  September  1st,  1904. 
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Mr.  Forch-  steel ;  the  final  stress  in  the  steel ;  the  breaking  moment,  in  inch- 
pounds  per  inch;  and  the  cost, 


100  a 


X  12    / 


)• 


From  Table  3  is  taken  the  breaking  moment  and  cost,  as  cal- 
culated, assuming  the  elastic  limit  to  be  33  000  lb.  per  sq.  in, 

TABLE  8. — Cost  of  Rkinfoiiced  Conceete  Beams,  with 
Various  Percentages  of  Eeinforcement. 

Medium  Steel. 


Cost  Data. 

v/m 

.T 

Remarks. 

a 

ts. 

F. 

P. 

h. 

S. 

Ford  =  13  in., 
m. 

0.41 

33  000 

850 

3.59 

0.900 

128 

0.0906 

0.0267 

0.1173 

17  600 

0.53 

33  000 

980  3. as 

0.H89 

1.53 

0.0809 

0.0.303 

0.1112 

32  000 

0.83 

33  000 
.33  000 

33  000 

1  300 

3,70 

0.867 

238 

0.0649 

0.0388 

0.1037 

.34  200 

1.11 

1  560 

2.42 

0.851 

312 

0.0567 

0.0455 

0.1022 

44  900 

1.39 

1  800 

2.23 

0.838 

386 

0.0510 

0.0510 

0.1C20 

55  300     -j 

Minimum 
cost. 

1.56 

33  000 

1  940 

2  14 

0.832 

429 

0.0483 

0.0543 

0.1026 

61700 

3.03 

33  000 

3  309  |1.96 

1 

0.816 

546 

0.04-39 

0.0625 

0.1054 

78  600 

Hard  Steel. 


0.43 

.57  000 

1490 

3.55 

0.899 

216 

0.0681 

0.0206 

0.0887 

31  noo 

0.70 

57  000 

2  020 

2.88 

0.875 

349 

0.0536 

0.0270 

0.0806 

50  200 

0.87 

57  000 

2  300 

2.65 

0.8f34 

427 

0.0481 

0.0302 

0.0786 

61500 

0.97 

53  200 

2  300 

2..'^4 

0.858 

442 

0.0476 

0.0332 

0.0808 

63  800 

1.52 

39  800 

2  300 

2.16 

0  833 

505 

0.0445 

0.0486 

0.0931 

72  600 

Minimum  cost. 


With  one  exception  (Beam  No.  9)  it  will  be  seen  that  the  final 
stress  in  the  steel  varies  between  the  limits  29  300  and  37  400,  with 
an  average  of  32  900  lb.  per  sq.  in.  With  the  same  exception  there 
is  also  harmony  between  the  ultimate  moments  and  costs  as  they 
were  in  the  actual  beams  and  as  they  are  calculated.  It  would 
seem  that  the  calculated  moments  are  somewhat  too  small  for  the 
small  percentages  and  somewhat  too  large  for  the  large  percentages. 

The  lower  part  of  Table  4  is  for  six  beams  of  hard  steel  having 
an  elastic  limit  of  from  55  000  to  60  000  lb.  per  sq.  in.  In  this 
table,  also,  there  is  evidence  of  harmony  between  theory  and  practice. 

To  complete  the  investigation,  Table  5  shows  the  relative  cost  of 
beams  reinforced  with  steel  of  various  elastic  limits. 

Assuming  the  ultimate  strength  of  concrete  in  compression  to  be 
2  300  lb.  per  sq.  in.,  it  will  be  seen  that  the  cost  decreases  with  the 
elastic  limit  of  the  steel  until  this  has  reached  about  100  000  lb. 
per  sq.  in.  Any  further  increase  in  the  elastic  limit  will  not  de- 
crease the  cost. 
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TABLE  4. — Cost  of  12-in.  Keinforced  Concrete  Beams  with  Mr.  Forch- 
Various  Percentages  of  Reinforcement.  ammer. 

Medium  Steel. 


Beam 

Reinforcement  in 
12  X  12-in.  beam. 

Percent- 
age of 
Steel. 

Final 
stress 
in  steel 
meas- 
ured. 

Breaking  Moment, 

m,  PER   1  IN. 
WIDTH   OP    BEAM. 

Total,  Cost, 

X 

No. 

Actual. 

Calcu- 
lated 
from 

Table  3. 

Actual. 

From 
Tables. 

19 

21 

9 

3  J-in.  plain  round 

3|-in.      "          •'      

3  ^-in.  Ransome 

0.41 
0.41 
0.52 
0.52 
0.52 
0.83 
0.83 
0.83 
1.11 
1.39 
1.56 
1.67 

37  400 

32  900 
70  000 

33  100 

29  SCO 

30  600 

32  000 
35O0O 
30  200 

33  800 

34  900 
33  800 

21400 
18  700 
42  000 
23  100 
22  200 
30  400 
33  800 
36  200 
39  700 
49  000 
58  300 
51400 

17  600 
17  600 
22  000 
22  000 
22  000 
34  200 
34  200 
34  200 
44  900 
55  300 
61  700 
66  000 

0.106 
0.113 
0.081 
0.108 
0.110 
0.110 
0.104 
0.101 
0.108 
0.108 
0.105 
0.116 

0.117 
0.117 
0.111 

16 

17 
5 

3  |-ln.  plain  square 

3^-in.      "           "       

3  |-in.  Kahn 

0.111 
0.111 
0.104 

10 

3  J  in.  Thacher 

0.104 

15 

3  a-in.        "        

0.104 

14 

4  i-in.  Kahn 

0.102 

4 

5l-in.      "    

0.102 

27 
22 

4  |-in.  plain  square 

3  |-in.  Kahn 

0.103 
0.103 

Hard  Steel. 


3 

3  A-ln.  Johnson 

0.42 
0.42 
0.70 
0.70 
0.97 
1.52 

52  600 
58  300 
.58  800 
65  200 
54  100 
50  300 

28  000 
30  300 
41300 
46  600 
64  100 
72  400 

31000 
31000 
50  200 
50  200 
63  800 
72  600 

0.095 
0.091 
0.086 
0.083 
0.080 
0.093 

0.089 

7 

3  J-in.        "        

0.089 

2 

5  i-in.        "        

0.081 

20 

0.081 

13 

7^-in.        "        

0.081 

28 

6  J  in.        "        

0.093 

TABLE  3. — Cost  of  Beams  Reinforced  with  Steel  of 
Various  Elastic  Limits. 


Cost-Data. 

Remarks. 

d 

For 

'^• 

F. 

100  i', 

p. 

h. 

a. 

C=  — ^• 

8. 

■ 

d  =  12  in.. 

1  630 

d 

s/m 

y/m 

m. 

30  000 

1.39 

2  23 

0.838 

348 

0.0,536 

0.0536 

0.1072 

50  100 

33  000 

1  800 

1.39  ,'2.23 

0.838 

386 

0.0,510 

0.0510  10.1020 

55  300 

35  000 

1  910 

1.39 

2.23 

0.838 

407 

0.0196 

0.0496  ,0.0992 

58  600 

42  300 

2  300 

1.39 

2.23  0.838 

493 

0.0451 

0.0451 

0.0902 

71  OOO 

Minimum  depth. 

50  000 

2.300 

1.07 

2.45  0.853 

4,56 

0.0469 

0.0361 

0.0830 

65  7P0 

55  000 

2  300 

0.92 

2.59  0.861 

435 

0.0480 

0.0318 

0.0798 

62  700 

60  000 

2  300 

0.80 

2.74  0.869 

415 

0.0491 

0.0283 

0.0774 

59  700 

70  000 

2  300 

0.62 

3.03  0.881 

381 

0.0513 

0.0229 

0.0742 

55  000 

80  000 

2  3(H) 

0.49 

3.32  0.892 

352 

0.05.34 

0.0188 

0.0722 

50  600 

90  000 

2  300 

0.40 

3.61  0.900 

326 

0.0.554 

0.0160 

0.0714 

47  000 

100  000 

2  300 

0.34 

3.90  0.908 

305 

0.0573 

0.0140 

0.0713 

44  000 

Minimum  cost.. 

120  000 

2  300 

0.24 

4.48)  0.920 

269 

0.0610 

0.0106 

0.0716 

38  700 
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Mr.  Forch-  Naturally,  this  value  for  the  elastic  limit  is  purely  theoretical, 
but  the  interesting  point  is,  that  with  steel  having  an  elastic  limit 
of  about  60  000  lb.  per  sq.  in.,  practically  the  minimum  of  cost  is 
reached,  as  the  theoretical  minimum  is  only  8%  lower.  (It  must  be 
-remembered  that  this  percentage  is  only  part  of  the  cost.) 

Table  5  also  shows  that  the  saving  effected  by  using  hard  in- 
stead of  medium  steel  is  but  slight,  compared  with  what  it  would 
be  in  a  steel  construction.  Using  steel  with  an  elastic  limit  of 
35  000  instead  of  55  000  lb.  per  sq.  in.,  the  cost  here  considered  will 
be  increased  by  about  24% ;  and,  assuming  the  part  of  the  cost  here 
considered  to  be  about  one-half  of  the  total  cost,  it  is  only  12% 
cheaper  to  use  the  hard  steel. 

As  medium  steel  is  considered  iui;ch  safer  than  hard  steel,  for 
all  structural  purposes,  especially  where  it  is  subject  to  impact,  the 
speaker  thinks  it  proper  to  consider  the  question  whether  the  slight 
saving  in  cost  really  justifies  the  use  of  hard  steel. 

Another  advantage  in  using  medium  steel  is  that  the  concrete  is 
stressed  less,  hence  the  working  stresses  in  the  tension  and  also  in 
the  compression  parts  of  the  concrete  are  smaller;  but,  if  medium 
steel  is  used,  only  very  low  working  stresses  should  be  allowed. 

If  medium  steel,  with  an  elastic  limit  of  35  000  lb.  per  sq.  in.,  is 
used  in  a  concrete  having  an  ultimate  strength  of  2  300  lb.  per 
sq.  in.,  and  a  factor  of  safety  of  4  is  wanted,  the  working  stress  in 
the  steel  must  be  only,  say,  9  000  lb.  per  sq.  in.,  and  in  the  concrete, 
say,  600  lb.  per  sq.  in.  As  shown  in  Tables  3  and  5,  it  will  be 
cheaper  to  use  in  the  concrete  a  working  stress  of  from  450  to  500  lb. 
per  sq.  in.  with  the  9  000  lb.  per  sq.  in.  in  the  steel. 

In  relation  to  T  -beams,  the  speaker  is  in  agTeement  with  Captain 

Sewell.     As  steel  having  a  low  elastic  limit  does  not  utilize  the  full 

strength  of  the  concrete  in  compression,  even  for  a  rectangular  beam, 

the  projecting  flanges  are  not  needed,  and  cannot  act  to  decrease  the 

dimensions  of  the  beam.     On  the  other  hand,  with  steel  having  a 

high  elastic  limit,  the  full  strength  of  the  concrete  is  utilized  in  a 

beam  of  rectangular  section;  hence,  the  projecting  flange  will  make 

it  possible  to  increase  the  steel  reinforcement  without  crushing  the 

A         1 
concrete.     Therefore  it  will  be  proper  to  make  ---  =^  — ,  as  proposed 

by  the  author,  and  then  flnd  h  from  Equation  7. 

If   the    full   width    of   the   beam    which    can    be    considered    is 

_B  =:  b  -j-  2  c,  it  is  necessary  to  inquire   whether  or  not  —  X  „  ^^ 

greater  than  the  percentages  given  in  Table  5.     With  j)  =  72  and 


!-• 


100  X  X  x\  =  0.46%. 
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hence  the  equation  can  he  used  for  steel  having  an  ehistic  limit  up  Mr.  Forch- 
^„  , , .  1,  •  hammer, 

to  80  000  Ih.  per  sq.  m. 

For  steel  having  an  elastic  limit  of  60  000  lb.   per  sq.   in.   the 

jiercentage  in  Table  5  is  0.80.     Hence,  for  steel  having  an  elastic 

limit  up  to  60  000  lb.  per  sq.  in.,  the  equation  proposed  by  the  author 

B       1  39 

may  be  used  if  ^  =  -^ —  =  1|.,  this  is,  if   the   projecting  flange   on 

each  side  of  the  beam  is  at  least  three-eighths  of  the  width  of  the 
beam  itself.* 

In  the  foregoing-  the  speaker  has  considered  bending,  but  has  not  ' 
considered  shear.  The  shear  certainly  has  to  be  taken  care  of,  as 
well  as  the  bending;  but,  as  it  is  evident  that  the  cost  of  a  well- 
designed  web  reinforcement  is  entirely  independent  of  the  depth  of 
the  beam,  it  is  proper  not  to  consider  the  web  reinforcement  when 
trying  to  find  the  most  economical  depth. 

The  speaker  considers  the  web  reinforcement  very  important, 
and,  without  doubt,  the  ideal  construction  is  with  attached  web 
members.  As  designed  by  the  author,  this  seems  to  be  effective  and 
cheap. 

It  seems  to  be  still  an  open  question  whether,  with  attached  web 
members,  it  is  justifiable  to  assume  that  total  failure  will  occur 
before  the  steel  is  stressed  appreciably  beyond  the  elastic  limit. 
The  author  explains  very  logically  his  reasons  for  this  assitmption, 
but  the  speaker  doubts  whether  the  increase  in  the  strength  of  the 
steel,  due  to  web  reinforcement,  is  appreciable.  It  seems  natural  to 
assume  that  the  concrete  will  be  crushed  very  shortly  after  the 
stress  in  the  steel  has  reached  the  yield  point.  In  any  event,  the 
speaker  considers  it  safer  to  assume  the  ultimate  strength  of  the 
steel  at  the  elastic  limit  until  reliable  experiments  have  shown  that 
it  is  above  that  limit. 

On  page  634t  the  author  says : 

"It  is  certain  that  it  can  never  be  economical  to  use  enough  steel 
to  cause  the  beam  to  fail  first  by  crushing  the  concrete." 

Table  5  shows  that,  for  steel  having  a  very  high  elastic  limit,  it  is 
cheaper,  and,  even  for  steel  having  a  lower  elastic  limit,  it  may  be 
economical — in  order  to  decrease  the  depth  of  the  floor — to  use  so 
much  steel  that  the  beam  fails  first  by  crushing  the  concrete.  Beam 
No.  13,  in  the  lower  part  of  Table  4,  is  the  most  economically  de- 
signed of  all  the  six  beams  in  that  series,  both  theoretically  and 
practically,  and  it  failed  by  the  crushing  of  the  concrete. 

On  page  640t  the  author's  expression,  "maximum  allowable  per- 

*If  the  neutral  axis  is  below  the  projecting  flange— which  will  generally  be  the  case 
—this  is  a  little  on  the  unsafe  side;  hence  it  will  be  safer  to  allow  the  60  000  lb.  per  sq.  m. 

only  if  — ,—  is,  sav,  2  or  greater. 

0 
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Mr.  Forch-  centage  of  steel,"  is  very  misleading,  as  it  leads  one  to  believe  that 

additional  steel  is  dangerous,  which  is  not  the  fact.     Additional 

steel  not  only   decreases  the  stresses   in  the  steel,  but,   also,   the 

stresses  in  the  concrete,  if  the  moment  be  assumed  as  constant. 

Quite  another  matter,  however,  is  the  fact  that  it  might  be  fatal 

in  solving  Equation  7  for  d,  using  tg  as  the  elastic  limit  of  the  steel 

used,  when  a  is  larger  than  what  the  author  calls  the  "maximum 

allowable  percentage  of  steel."     With  excessive  steel,  the  value  of  tg 

must  be  taken  as  that  where  the  percentage  used  is  allowable.     An 

example  will  illustrate  this :     Under  the  assumptions  made,  Table  5 

shows  that,  for  steel  having  an  elastic  limit  of,  say,  55  000  lb.  per 

d 
sq.  in.,  the  most  economical  percentage  is  0.92;  then  — —    =  0.0480, 

y  TO 

and  -^  =  0.0798. 
V  m 

If  the   steel  is  increased  to  1.07^,  the  allowable  value  for  t^  is 

50  000  lb.  per  sq.  in.,  — ^  =  0.0469,  or  2.-3%'  smaller  than  before  ; 
V  m 

-^  =  0.0830,  or  4.0"^^  higher  than  before, 
-y/m 

If   the    steel   is  decreased    to  0.10%^  Equation  7,  m  =^  h  a  d  t^, 

gives  : 

TO  =  0.875  X  0.70  X  d^  X  '^^^j??^=  337  d^  ; 

=^  0.0546,  or  13.8^^  higher  than  in  the  first  case  ; 


■\/m 

X 


=  0.0546  (1  +  0.72  X  0.70)  =  0.0821,  or  2.9"^  higher  than 


in  the  first  case. 

It  will  be  seen,  therefore,  that  the  most  economical  results  are 
secured  by  using  the  percentages  given  in  Table  5.  Any  smaller 
percentages  will  increase  the  cost  as  well  as  the  depth  of  the  beam. 
Any  larger  percentages  will  increase  the  cost,  but  decrease  the  depth 
of  the  beam,  and  the  latter,  under  certain  circumstances,  may  be  of 
great  value. 

For  these  reasons,  therefore,  the  author  is  incorrect  in  stating 
(page  640*)  that  "theoretical  economy,  based  on  relative  costs,  is 
not  attainable."  Theoretical  economy,  based  on  relative  costs,  is 
reached  when  what  the  author  calls  the  maximum  allowable  percent- 
ages are  used.  The  author  is  also  incorrect  in  stating  that  any 
more  than  the  economical  percentage  is  wasted.     As  just  shown,  an 
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increase  in  the  steel  increases  the  strength  of  the  beam;   conse-  Mr,  Forch- 

.     .  °  hammer. 

quently,  it  is  not  wasted. 

With  the  assumption,  made  in  Table  5,  that  the  ultimate  strength 
of  the  concrete  in  compression  is  2  300  lb.  per  sq.  in.,  the  most 
economical  percentage  of  steel  for  tg  smaller  than  42  300  lb.  per 

sq.  in.  is  1.4.     — _  will  be  seen  to  vary  approximately  in  proportion 

V  m 

to  tg,  according  to  two  straight  lines  which  intersect  at  a  minimum 
point  where  tg  =  42  300. 

The  following  equation,  proposed  by  the  speaker,  is  for  a  rect- 
angular beam  or  floor  slab : 

d  =  Vm(o:  +  /3  y, 
in  which  a  and  /3  have  different  values  for  various  vahies  of  F. 
Assuming  F=2  300,  for  values  of  t^  greater  than  42  300,  a  =  + 
0.0360,  and  y3  =  +  0.218  X  10"^.  For  values  of  t,  smaller  than 
42  300,  a  =  +  0.074,  and  /?  =  —  0.69  X  lO"^.  For  other  values  of 
jP,  a  and  /3  will  have  other  values,  and  the  point  of  intersection  of^the 
two  curves  will  change.  To  find  the  point  of  intersection  for  other 
values  of  F,  the  equation, 

aL  =  0..57  F  -^^, 
ft 

should  be  used,  as  the  point  of  intersection  is  where 

,  100  a       100        ,  ,Q 

a  ^  p  a,  or  — - —  =  —  =;  1.39. 
d  p 

t.  57  41 


F        1.39 /J        /J 
but  /3  =  1  +  ^1^  X  A, 

hence  —  =  18.4. 

F 

The  speaker's  formula,  therefore,  will  be  : 

1. — For  i,  smaller  than  18.4  F :  Use  1.4%  of  steel  and  fix  the 
depth  of  the  beam  in  accordance  with  Equation  7,  that 
is,   m  ^  h  a  d  tg,    substituting   for   h,   0.85,  and    for   «, 

d  ;  hence, 

100 


d  =     ^^  ^'*. 


-4 . 

2. — For  tg  larger  than  18.4  J^:  Make  depth  of  beam 

d  =  -/m  (or  +  /i  X  10-«  t,) B 

*  This,  it  will  be  observed,  is  simply  another  form  of  Thacher's  formula. 
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Mr.  Forch-         The  values  of  a  and  y5,  for  various  values  of  F  are 
hammer. 


F. 

a. 

/?. 

1  900 

0.040 

0.282 

2  100 

0.0.38 

0.244 

2  300 

0.036 

0.218 

2  500 

0.034 

0.200 

The  percentage  of  steel  can  then  be  fixed  from  Equation  7,  using 
=  0.85  and  m  =:  0.85  a  d  t^,  or 

100  a  __     100  m     _  118  m 
~dHr 


d 


0.85  cZ2  t, 
118 


t^  {a  +  /?  X  10  -%)2 
In  these  formulas  : 

m  =  the  maximum  moment  per  inch  multiplied  by  the  factor 

of  safety  required  ; 
a  =  the  area  of  the  reinforcing  rods  jjer  inch  of  beam  ; 
d  =  the  depth  of  the  beam  from  the  center  line  of  the  steel 

reinforcement  to  the  ultimate  fiber  ; 
F  =  the  ultimate  compressive  strength  of  the  concrete  ; 
t^  =  the  ultimate  strength  of  the  steel  reinforcement  (and  for 
this  the  speaker  proposes  to  use  the  elastic  limit  of  the 
steel   until   it   is   plainly    shown    that  a  higher  value  is 
permissible). 
Example  1. — A  beam,  8  in.  wide,  is  subject  to  a  maximum  bending 
moment  of  100  000  in-lb.     A  factor  of  safety  of  4  is  required.     The 
ultimate  strength  of  the  concrete  is  2  200  lb.  per  sq.  in.,  and  the 
elastic  limit  of  the  steel  is  .30  000  lb.  per  sq.  in. 

m  =  4  X  100  000  -^  8  =  50  000. 


As   4r 
F 


30  000 


2  200 
be  used. 

Percentage  of  steel  ^1.4 


^  13.6,  and  is  less  than  18.4,  Equation  A  must 


^sl^ 


84  X  50  000 


=  11.82  in.,  sav  12  in. 


30  000 

Example  2. — A  beam,  6  in.  wide,  is  subject  to  a  maximum  bend- 
ing moment  of  72  000  in-lb.  A  factor  of  safety  of  5  is  required. 
The  iiltimate  strength  of  the  concrete  is  2  300  lb.  per  sq.  in.,  and  the 
elastic  limit  of  the  steel  is  60  000  lb.  per  sq.  in. 

m  =  5  X  72  000  -^  6  =  60  000. 
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,        t,  60  000         ^,,  ,  ,  .     ,  ,,  1 .,    ,     17         .•         I,  ,  Mr.  Forch- 

As  -4^  =  =  2b. 1,  and  IS  huLrer  than  IS. 4,  Equation  B  must     hammer. 

F         2  300  ° 

be  used. 

d  =  VdO  000  (0.036  +  0.218  X  10"^  X  60  000)  =  12.0  in. 

100  a        118  X  60  000       ^  ,,^ 

— - —  = ^  0.82  per  cent. 

d  144  X  60  000  ^ 

If  it  is  of  importance  to  decrease  the  depth  of  the  beam  as  much 

as  possible,  -*-  should  be  assumed  as  equal  to  18.4.     Then  t^  =  18.4 
F 

X  2  300  =  42  300.     d  can  then  be  calculated  either  from  Equation  A 

or  Equation  B. 

Using  Equation  A  : 

,  |84  X  60  000       ,„„.  ,   100«       ^  ,  . 

a  =       =  10.9  m.;    and  =  1.4  per  cent. 

Nj       42  300  '  d  ^ 

Using  Equation  B  : 

d  =  -/OO  000(0.036  +  0.218  X  10^  X  42  300)  =  11  in.,  and 

100  a        lis  X  60  000 

-d-  =  121  X  42  300  =  '•''  ''''  '''''■ 

The    results   from   these    examples   will   be    seen   to  check  very 

closely  with  the  results  given  in  Table  5,  and  the  speaker  concludes 

that  the  equations  proposed  are  sufficiently  close  approximations. 

The  speaker  does  not  claim  that  the  constants  used  forp,  e,  F,  t^, 

etc.,  will  prove  to  be  just  the  right   ones.     They  may  vary  much, 

under  different  conditions,  and  only  further  experiments  can  fix  their 

values. 

To  avoid  any  misunderstanding,  the  speaker  wishes  to  state,  finally, 

that  the  formulas  proposed  herein  can  only  be  applied  where  beams 

or  floor  slabs  are    exposed  to  actual  bending.     Wherever  the   arch 

action  in  the  concrete  is  appreciable  other  formulas  may  be  applied. 

Arthur  W.  French,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  jyjj.  p^ench 
is  full  of  interest  for  designers  of  reinforced  concrete,  and  the  author 
will  receive  the  gratitude  of  all  for  his  excellent  work. 

Considering  the  many  theories  and  formulas  for  the  design  of 
reinforced  concrete  beams,  the  greatest  difference  of  opinion  seems 
to  be  in  the  matter  of  using  safe  stresses  or  ultimate  stresses  in  the 
steel  and  concrete. 

The  author  proposes  that  the  design  be  based  upon  the  ultimate 
strength  of  the  beam.  The  writer  prefers  the  use  of  safe  working 
stresses  in  the  materials. 

It  is  common  practice  to  design  wooden  and  metal  beams  on  the 
safe  working  stresses.  Our  formulas  for  flexure  are  theoretically 
correct  for  such  beams  when  the  stresses  are  within  the  elastic 
limits.     Outside  of  these  limits,   although   the  same  formulas   are 


348  discussion:  keinforced  concrete  floor  systems.  [Papers. 

Mr.  French,  used,  it  is  recognized  that  they  are  purely  empirical,  and  that  they 
depend  upon  tests  for  the  values  of  the  constants. 

It  is  not  impossible  to  construct  formulas,  for  the  ultimate 
strength  of  beams  of  homogeneous  materials,  based  upon  the  prop- 
erties of  the  stress-strain  diagrams  of  the  materials,  but  it  is  gen- 
erally considered  impractical.  If  the  stress-strain  diagram  of  con- 
crete were  not  quite  such  a  smooth  and  attractive  curve,  often  with 
a  marked  resemblance  to  a  parabola,  it  is  doubtful  whether  anyone 
would  attempt  a  theoretical  formula  for  the  ultimate  strength  of  a 
beam  of  this  material  reinforced  with  another  material. 

An  examination  of  many  diagrams  for  concrete  will  show  consid- 
erable variation  in  the  relation  between  strain  and  stress  as  the  stress 
increases  from  zero  to  the  breaking  point.  The  lines  often  resemble 
the  parabola  with  its  axis  at  the  breaking  point,  but,  with  the  richer 
concretes,  the  lines  become  more  nearly  straight.  In  all  these 
diagrams,  if  the  attention  be  confined  to  the  part  of  the  line  from 
zero  up  to  any  stress  that  would  be  used  as  a  working  stress,  it  will 
be  seen  to  be  sensibly  straight.  Moreover,  the  elastic  deformation 
for  stresses  from  0  to  500  or  1  000  lb.  has  been  well  determined  for 
many  concretes,  and  probably  with  greater  accuracy  than  for  stresses 
near  the  breaking  stresses. 

With  the  assumption  of  a  constant  ratio  of  stress  to  strain  within 
the  limits  of  the  working  stresses  (and  the  assumption  is  close  to 
the  truth  and  slightly  on  the  safe  side),  the  design  may  be  made 
with  as  much  certainty  as  in  the  case  of  wooden  or  steel  beams. 
Let  the  ultimate  strength  of  the  beams  be  a  matter  of  test  and  the 
results  be  expressed  by  an  empirical  formula. 

Fig.  28  gives  the  formulas  used  for  safe  working  stresses  and  a 
graphical  solution  showing  the  relations  between  the  unit  stresses 
in  the  steel  and  concrete  for  various  percentages  of  reinforcement. 

It  is  important  to  note  that  the  exact  position  of  the  neutral 
axis  is  of  little  importance  as  far  as  the  strength,  calculated  from 
the  steel  element,  is  concerned.  The  effective  arm  of  the  couple 
changes  very  little  with  widely  differing  assumptions  as  to  the 
value  of  Eg,  or  of  the  shape  of  the  diagram  for  deformation  of  the 
concrete,  and  but  little  with  the  percentage  of  reinforcement. 

The  depth  of  concrete  under  compression  and  the  total  com- 
pression in  the  concrete,  however,  is  affected  greatly  by  the  position 
of  the  neutral  axis  and  also  by  the  assumed  shape  of  the  diagram 
for  concrete.  Fig.  29  gives  the  formulas  for  the  assumption  of  a 
full  parabola  for  the  shape  of  the  stress-strain  diagram  between  the 
limits,  zero  and  the  working  stress,  and  considers  the  coefficient  of 
elasticity  to  be  3  000  000  and  2  000  000  at  the  origin  of  the  curve. 

Fig.  30  is  also  for  the  parabolic  distribution  of  stress,  but  is 
based  on  coefficients  of  elasticity  of  3  000  000  and  2  000  000  at  the 
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Mr.  French. 
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Mr.  French,  working  stress.  The  assumption  in  the  last  case  is  equivalent  to  an 
initial  coefficient  of  either  6  000  000  or  4  000  000. 

The  absurdity  of  assuming  a  full  parabola  for  the  stress  distribu- 
tion within  a  working  limit  of  from  500  to  750  lb.  has  often  been 
pointed  out.  Formulas  based  upon  such  an  assumption  may  be 
made  to  give  any  desired  results  if  the  E  is  chosen  properly,  but 
they  must  be  considered  as  purely  empirical,  and  the  writer  would 
prefer  an  empirical  formula  of  the  correct  form. 

The  writer  cannot  agree  with  the  proposed  formula  of  Mr.  Wason 
for  general  application.  The  assumption  of  the  neutral  axis  in  the 
center  of  the  beam  is  in  close  agreement  with  theory  for  the  per- 
centage of  steel  in  the  examples,  and,  used  by  its  author  or  other 
expert,  within  certain  limits,  it  gives  good  results.  It  is  certainly 
the  simplest  formula  proposed,  and  for  about  1%  of  steel  reinforce- 
ment, is  of  great  value.  Its  use  is  equivalent  to  allowing  750  lb. 
stress  upon  the  outer  fibers  of  the  concrete  if  the  straight-line  for- 
mula is  used  as  a  test.  Probably  many  beams  which  are  calculated 
by  certain  formulas  to  give  500  lb.  stress  have  nearer  750  lb.  if 
tested  by  the  straight-line  formula. 

Practical  experience  with  many  structures  of  concrete  tested  up 
to  2  000  lb.  per  sq.  in.  in  straight  compression,  as  well  as  laboratory 
tests  of  such  beams,  seems  to  show  that  if  designed  by  the  straight- 
hue  formula,  with  from  600  to  750  lb.  stress  in  the  concrete,  they 
will  possess  ample  factors  of  safetj\  It  may  sound  better  to  talk  of 
500  lb.,  rather  than  a  higher  stress,  but  the  truth  is  the  thing 
desired. 

The  use  of  the  straight-line  formula  for  working  stresses  will 
give  lower  percentages  of  steel  allowed  in  the  section,  or  if  high 
percentages  are  used,  the  allowable  stress  in  the  steel  is  reduced 
automatically.     As  an  example  of  the  use  of  Fig.  28,  if  the  stress  in 

E 

the  concrete  is  to  be  limited  to  600  1]).,  and  — -?  is  taken  as  15,  and  the 

M 

woi'king  stress  permissible  in  the  steel  is  16  000  lb.,  the  value  of  — — 

will  be  72,  for  p  =  0.005.  If  p  is  0.0065,  the  stresses  will  be  600  and 
16  000  lb.,  and  the  value  oi  M  -^  h  h-  will  be  94.  Where  conditions 
demand,  it  may  be  wise  to  use  higher  percentages  of  steel,  although 
this  is  not  theoretically  economical.  Thus,  if  p  =  0.02,  the  allowable 
stress  in  the  concrete,  of  600  lb.,  will  determine  the  value  of 
M  -i-  h  h^  as  132,  and  the  corresponding  stress  in  the  steel  will  be 
about  8  000  lb. 

The  natural  limitations  in  the  use  of  reinforced  concrete  beams 
and  the  desire  for  long  spans  or  heavy  load-carrying  beams  are 
constant  temptations  to  over-steel  the  beams,  and  some  formula 
which  controls  automatically  the  relation  between  the  areas  of  steel 
and  the  stresses  therein  seems  to  be  very  desirable. 
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Shear  reinforcement  is  shown  to  he  needed  in  most  heams,  both  Mr.  French. 
by  analysis  and  by  tests,  and  it  is  well  that  increasing  attention  is 
being  given  to  the  subject.  In  view  of  the  comparatively  small 
amount  of  steel  needed  to  insure  safety  from  failure  by  shear,  it  is 
the  writer's  practice  to  be  rather  liberal  with  such  reinforcement. 
If  stirrups  are  to  be  used  at  all,  the  added  expense  of  furnishing 
and  placing  a  liberal  supply  is  small. 

Undoubtedly  the  most  effective  form  of  shear  reinforcement  is 
that  of  rods  attached  rigidly  to  the  tension  bars,  sloping  up  toward 
the  supports,  and  extending  well  to  the  top,  or  even  extending  into 
the  slab.  The  one  form  of  patented  reinforcement  which  well  fills 
the  requirement  of  rigid  attachment  does  not  always  easily  supply 
the  requisite  niimber  and  length  of  shear  rods  where  they  are  needed 
most.  Other  forms  of  rigidly  attached  rods  seem  to  be  clumsy  and 
expensive.  If  the  shear  rods  are  to  be  loose  stirrups,  they  should  be 
set  vertically.  Ease  in  placing  the  concrete  and  in  providing  the 
desired  number  of  rods  of  the  proper  length  cause  the  writer  to 
prefer,  in  practice,  the  loose  vertical  shear  rods. 

There  would  seem  to  be  no  reason  why  the  width,  V,  of  a  slab 
assumed  to  act  as  a  compression  flange,  should  be  limited  to  three 
times  the  width  of  the  stem,  h,  if  the  proper  reinforcement  for 
shear  at  the  section  between  the  wings  and  stem  be  provided.  With- 
out reinforcement,  the  limit  of  &'  =  3  &  is  well  taken. 

Irving  P.  Church,  Assoc.  Am.  Soc.  C.  E.  (by  letter). — In  making  Mr.  church, 
a  contribution  to  the  discussion  on  Captain  Sewell's  valuable  paper, 
the  writer  has  in  mind  a  brief,  though  fairly  systematic,  investiga- 
tion of  the  relation  between  the  cost  and  the  dimensions,  stresses, 
etc.,  of  the  ordinary  concrete-steel  beam  or  slab  of  rectangular  sec- 
tion, with  reinforcement  on  the  tension  side  only.  This  treatment 
will  be  based  on  the  assumption  of  the  straight-line,  stress-strain 
diagram  for  the  concrete,  and  the  tension  of  the  concrete  will  be 
neglected  (all  loads  and  reactions  being  perpendicular  to  the  beam 
and  in  the  same  plane).  The  notation  adopted  will  be  the  same  as 
that  already  used  in  the  paper,  but,  for  convenience,  two  additional 

T  E 

symbols  will  be  used,  viz.,9'  and  e,  representing  the  ratios,  ^^  and  -^ 

respectively.     The  latter  ratio  will  be  taken  as  constant. 

Since  the  distances,  y^  and  y^,  are  superfluous,  as  far  as  for- 
mulas for  actual  design  are  concerned,  they  will  be  eliminated  at  an 
early  stage,  while  the  compressive  stress,  F,  in  the  "outer  fiber"  of 
the  concrete  need  not  be  directly  expressed  in  the  final  formulas, 

T 

being  replaceable  whende.sired  by  the  equivalent  quotient,  —    Again, 

T  and  F  may  have  any  values  within  reasonable  limits,  and  the 


relation,  . y,  ^  a  b  T,  that  is,  ah  ^  -—^■,    which,   combined    with 

2  "2  r 
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Mr.  Church.       ,.        T     .         ,  ,  ,  ,  .  t, 

ratio,  -■ -,  IS  not  taken  as  equal  to  — ^— ,  necessarily. 

F  ■  0.8//  ^ 

The  author's  Equations  1  and  2  still  hold  in  the  present  con- 
nection, and  from  them  is  derived : 

'■'^  =  V+-e (1^> 

The  centroid  of  the  compressive  stresses  being  at  a  distance  of 

§  2/i  from  the  neutral  axi.s,  the  arm  of  the  coujDle  formed  by  the  total 

F  h  V  y 

stress,  a  h  T,  in  the  steel,  and, ^,  in  the  concrete,  is  d  —  -^, 

'  '  '         '      2  3 

and  hence 

a  b  T (^d  —   -'y^  =  3f (2c) 

The  equality  of  the  total  stresses  mentioned  gives   rise  to  the 

b  F 
latiou,  . y^^  al 

Equation  Ic,  leads  to 

2  r  a  (r  +  e)  =  fZ  e (3c) 

If  2/i  is  now  eliminated  from  Equation  2c,  by  the  aid  of  Equa- 
tion Ic,  and  if  for  all  subsequent  work  a  value  of  unity  be  assumed 
for  the  width  of  the  beam,  so  that  the  bending  moment,  M,  becomes 

w  f 
m=         (i(j  being  the   uniform    load  jjer  square  inch    of  upper  sur- 

o 

face  of  the  beam  and  I  the  span),  there  is  obtained 

3  m  (r  -f-  e)  =  (3  r  -f  2  e)  Tad (4c) 

Equations  3c  and  4c  are  the  only  relations  needed  for  design 
(aside  from  considerations  of  shearing  stresses)  for  a  beam  of  rect- 
angular section  with  reinforcement  on  the  tension  side  only.  They 
constitute  two  independent  equations,  from  which,  if  all  the  quan- 
tities concerned  except  two  are  given  or  assumed,  these  two  may  be 
determined,  and  hence  should  be  regarded  as  constants. 

If,  however,  all  the  quantities  concerned  in  these  two  equations 
be  given  or  assumed  except  three,' these  three  are  not  determinate, 
but  are  variables;  and  by  the  aid  of  Equations  3c  and  4c,  a  relation 
may  be  obtained  between  any  two  of  the  three  variables ;  that  is,  any 
one  of  them  may  be  expressed  as  a  function  of  either  of  the  other 
two. 

For  use  in  subsequent  work  the  following  relations,  all  derivable 
from  Equations  3c  and  4c,  are  here  appended : 

a  =  ^ — - — j — r (5c) 

2  r  (r  -f-  e) 

n  _      I  •^"'■^  (6c) 

"  —  N  2  r  r  (3  r  +  2  e) 
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-^  =  0-+^)^(3r  +  2e)r^ ^''^ 

The  cost  of  a  beam  (of  unit  width),  of  fixed  span  and  maximum 
bending  moment,  m,  will  now  be  expressed  in  terms  of  various  vari- 
ables, and  the  conditions  of  minimum  cost  investigated. 

From  the  nature  of  the  case,  the  only  quantities  which  are  not 
fixed  at  the  outset,  and  hence  would  be  available  as  variables,  are 
four  in  number,  viz.,  a,  d,  r,  and  T;  so  that  four  groups,  of  three  in 
a  group,  may  be  selected,  in  turn,  each  group  comprising  three 
variables  {m  is  treated  as  a  constant). 

As  to  the  question  of  cost,  consider  only  the  items,  (3)  and  (4) 
(mentioned  on  page  637*  of  the  paper),  assuming  the  cost  of  a  cubic 
foot  of  steel  to  be  equal  to  p  times  that  of  a  cubic  foot  of  concrete, 
and  denoting  by  a;  a  number  proportional  to  the  total  cost  of  the  two 
materials.     Then,  as  in  the  paper, 

X  =  p  a  -\-  d (8c) 

As  a  first  group  of  variables  take  a,  d,  and  T.  Then,  from 
Equations  5c  and  8c,  is  found: 

^=r^^^v^  +  iv^ (9«) 

L2  r  (r  -He)  J 

which  gives  re  as  a  function  of  the  one  variable,  d. 

Here  it  is  seen  that  x  is  directly  proportional  to  dj  so  that  there  is 
no  mathematical  minimum.  Hence,  for  practical  design,  we  have 
to  take  simply  as  small  a  value  for  d  as  may  be  consistent  with  a 
maximum  safe  value  for  T  (one  of  the  other  two  variables),  while 
also  ensuring  a  safe  value  for  F,  as  implied  in  the  assumed  value 
of  r. 

For  example,  let  e  =  16,  r  =  20,  w  =  8  lb.  per  sq.  in.,  I  =  100  in. 
(so  that  m  =  10  000  in-lb.),  and  T  =  16  000  lb.  per  sq.  in.  With 
these  values,  then,  from  Equation  6c, 

«  =  -J  40  xTelnco  +  32]  =  -^^J^®*^'  =  "•»»»^  ^-  '"■' 

and  for  cZ,  from  Equation  oc, 

36X2X20X0.0903        ^  ^^  . 

d  = zr-. —  8.12  m. 

lb 

This  would   make   the   percentage  of  steel     '     ^    .   ip^  ^=1.10% 

(referred  to  the  concrete  above  the  steel) ;  and  the  value  of  F,  im- 
plied in  the  assumption  of  r  =  20,  is  16  000  -f-  20  =  800  lb.  per 
sq.  in. 

Secondly,  take  r,  a,  and  T,  as  variables.     Equation  9c  will  serve 
in  this  case,  also;  that  is, 


=  \^r^r^T-\  +  1 1  f^ (9c) 

L  2  9'  Tr  4-  e^  J  ^     ■' 
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Mr.  Church,  giving  X  as  a  function  of  the  one  variable,  r,  d  being  a  constant  in 
this  case.  Evidently,  x  decreases  with  an  increasing  r.  Here, 
again,  there  is  no  mathematical  minimum  for  x  (for  any  positive 
value  of  r)  so  that  a  practical  use  of  the  relation  would  be  to  take 
as  large  a  value  for  r  as  would  be  consistent  with  a  maximum  safe 
value  for  T.  For  instance,  with  T  =  16  000  lb.  per  sq.  in.,  d  = 
10  in.,  e  =  16,  and  m  =  10  000  in-lb.,  it  is  found,  from  Equation  7c 
(solving  by  trial,  since  this  proves  to  be  a  cubic  equation),  that  the 
value  of  r  =  26.3;  which,  in  Equation  5c,  gives  a  value  of  0.0719 
sq.  in.  of  steel  for  a,  implying  0.719%  of  steel  (if  the  steel  is  com- 
pared with  the  concrete  situated  above  it).  With  r  =  26.3,  the 
value  of  F  would  be  609  lb.  per  sq.  in.  With  values  of  r  smaller 
than  26.3,  the  cost  would  be  greater,  and  both  T  and  F  would  have 
smaller  values  than  the  above  (in  this  case  of  constant  d,  etc.,  and 
variable  r,  a,  and  T) ;  and  neither  material  would  be  worked  to  its 
full  (safe)  strength. 

Thirdly  (and  this  is  the  most  important  and  practical  case), 
consider  as  the  group  of  three  variables,  d,  a,  and  r.  If,  in  Equation 
Sc,  there  are  substituted  values  for  a  and  d  from  Equations  6c  and  7c, 
there  is  obtained  an  expression  for  x  as  a  function  of  the  one  vari- 
able, r,  viz., 

(10c) 


2  (7-  +  e)  r~\ 
(3  r  +  2  e)  J' 


V  r  (3 

To  obtain  a  value  of  r  for  minimum  cost,  the  differential  coefficient 
of  X  with  respect  to  r  should  be  placed  equal  to  zero,  and  the  result- 
ing equation  solved  for  r;  but  this  would  be  found  to  lead  to  an 
equation  of  such  high  degree  that  a  simpler  plan  is  to  compute  the 
value  of  X  for  each  of  a  number  of  values  of  r  and  note  the  occur- 
rence of  a  minimum  x. 

The  writer  has  done  this  for  seven  values  of  ?•,  ranging  from 
4  to  60,  in  an  example  in  which  there  is  given  m  =  10  000  in-lb., 
T  =  16  000  lb.  per  sq.  in.,  and  e  =  16 ;  while  p  may  be  taken  as  75 
(that  is,  let  20  cents  per  lb.  be  the  cost  of  the  concrete,  and  $15  that 
of  the  steel). 

Since  the  variable  part  of  the  expression  for  x  is  the  factor  in 
the  bracket,  let  the  other  (constant)  factor  be  denoted  by  0.     The 
following  values  for  x  have  been  computed : 
For 


r  =     4, 

x  = 

102.6  C 

r  =     9, 

X  = 

71.6  C 

r  =  16, 

X   = 

62.2  C 

r  =  20, 

X  = 

61.6  0 

r  =  25, 

X   = 

62.9  C 

r  =  36, 

X    = 

69.6  C 

r  =  50, 

X  = 

81.8  G 
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It  is  seen  that  in  this  case  x  has  a  mathematical  minimum,  and  Mr.  church, 
that  it  is  reached  for  a  vahie  of  about  18  for  r;  and  it  is  also  notice- 
able that  as  r  changes  from  15  to  25  the  variation  in  the  cost  is  com- 
paratively small. 

Therefore,  it  may  be  said  that  in  this  example  the  cost  is  a  mini- 
mum for  r  =  18.*  Hence,  with  T  =  16  000  lb.  per  sq.  in.  the  value 
of  F  would  be  888  lb.  per  sq.  in.  If  it  were  desired  that  the  stress 
in  the  concrete  should  not  exceed,  say,  600  lb.  per  sq.  in.,  this  coiild 
be  secured  by  adopting  for  r  the  value,  26.6,  and  the  resulting 
cost  would  be  but  little  in  excess  of  that  (the  minimum)  corre- 
sponding to  r  =  18. 

As  to  the  values  of  a  and  d,  corresponding  to  r  =  18  in  this 
example,  it  is  found,  from  Equation  7c,  that  d  ^=  7.54  in. ;  and  then, 
from  Equation  3c,  a  =  0.098  sq.  in.  of  steel;  which  is  1.31%  of  the 
part  of  the  concrete  above  the  steel. 

As  to  the  only  remaining  group  of  three  variables,  viz.,  d.  T 
and  r,  it  may  be  noted  that  the  term,  p  a,  in  the  expression  for 
cost,  X  =^  p  a  -\-  d,  is  constant  (since  a  is  assumed  in  this  case),  and 
that,  consequently,  the  variable  part  of  x  is  directly  proportional  to 
the  height,  d,  and  will  be  a  practical  minimum  when  d  is  made  as 
small  as  possible  consistent  with  a  maximum  safe  value  for  T,  one 
of  the  other  variables.  Hence,  this  case  is  virtually  the  same  as 
one  already  treated.  When  the  d  has  been  computed  for  a  proper  T 
the  corresponding  values  of  r,  and  later  that  of  F,  are  easily  found. 

Although  the  foregoing  has  been  based  on  the  simple  assump- 
tions of  the  straight-line,  stress-strain  relation,  it  is  thought  that 
the  results  would  not  have  been  very  different  if  the  parabolic  form 
of  curve  had  been  used. 

B.  E.  Leffler.  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr.  Leffler. 
has  had  in  mind  for  some  time  the  publication  of  a  paper  on  steel- 
concrete  formulas,  but  Captain  Sewell's  paper  has  served  a  some- 
what similar  purpose.  The  writer  wishes  to  add  the  following  re- 
marks in  the  way  of  a  partial  discussion,  and  addition;  they  apply 
to  the  subject  in  general. 

Nearly  all  writers  have  adopted  the  ultimate-strength  method  of 
designing,  but  the  writer  believes  this  is  a  mistake.  The  evolution 
of  rational  designing  shows  a  continual  substitution  of  simple  for- 
mulas of  wide  application  for  complicated  ones  of  narrow  applica- 
tion. For  instance,  there  was  a  time  when  column  formulas  were 
entirely  empirical.  At  present  they  are  rational  in  form,  with,  per- 
haps, empirical  constants.  In  fact,  nearly  the  whole  science  of  the 
mechanics  of  materials  is  derived  from  Hooke's  Law — a  simple  law 
of  wide  application. 

The  common  beam  formula  has  been  hotly  disputed  in  the  past, 
because  it  did  not  represent  the  actual  conditions  at  the  ultimate 
*  A  later  solution  by  the  calculus  gives  19.3  instead  of  18. 


358  discussion:   EEINFOECED  concrete  floor  systems.    [Papers. 

Mr.  Leffler.  stiQiigth  period.  It  would  seem  that  reinforced  concrete  formulas 
are  passing  through  a  similar  period  of  development;  and  that, 
finally,  a  simple  formula,  having  a  straight  line  in  its  stress-strain 
diagram,  ■will  supersede  them  all. 

The  writer's  experience  in  reinforced  concrete  has  been  confined 
to  the  simple  beam,  and  arches. 

It  is  rather  astonishing  that,  in  the  voluminous  discussions  of 
the  past  few  years,  no  one  has  attempted  to  present  a  rational  method 
of  designing  a  reinforced  concrete  section  for  combined  thrust  and 
moment,  on  the  supposition  that  steel  takes  tension  only  and  con- 
crete compression  only.  Edwin  Thacher,  M.  Am.  Soc.  C.  E.,  pre- 
sented a  formula,  some  years  ago,  in  which  concrete  is  supposed  to 
take  tension.* 

Writers  who  adopt  the  ultimate-strength  method  of  designing 
seem  to  be  unaware  of  the  impassable  difficulties  they  create  in  a  de- 
sign for  combined  thrust  and  moment.  They  thus  forever  bar  the 
rational  design  of  reinforced  concrete  arches.  As  is  well  known,  at 
any  section  of  an  arch  there  may  be  combined  thrust  and  moment. 

It  may  be  well  to  state  that  all  formulas  and  methods  of  design- 
ing arches  are  based  on  the  assumption  of  a  straight  line  in  the 
stress-strain  diagram. 

The  writer  has  before  him  a  pamphlet — widely  circulated 
throughout  the  Middle  West — which  purports  to  apply  the  ultimate- 
strength  method  to  arches.  The  author  of  the  pamphlet  uses  the 
common  elastic  theory  for  locating  the  pressure  curve — a  parabola 
in  the  case  cited — but,  in  designing  the  individual  sections  for  com- 
bined thrust  and  moment,  he  attempts  to  use  the  ultimate-strength 
method.  These  are  some  of  the  vagaries  in  the  development  of 
reinforced  concrete  design. 

In  designing  the  sections  of  an  arch,  the  writer  first  used 
Thacher's  formulas,t  but  abandoned  these  in  favor  of  a  method  in 
which  concrete  takes  no  tension.  He  presents  the  following  as  an 
easy  and  rational  method  of  designing  a  section  for  combined  thrust 
and  moment. 

Let  Eig.  31  represent  two  short  blocks,  having  steel  on  one  side, 
as  shown,  and  subject  to  an  eccentric  compressive  load.  This  is  a 
typical  case  in  arch  design.  Then,  granting  a  straight  line  in  the 
stress-strain  diagram,  no  tension  will  occur  in  the  steel  as  long  as  the 
load  acts  within  the  middle  third  of  the  concrete  section.  The  small 
strip  of  concrete  on  one  side  of  the  steel  is  neglected. 

When  the  load  is  at  the  far  edge  of  the  middle  third,  the  com- 
pression on  the  far  edge  of  the  concrete  is  twice  the  average,  and 
tension  in  the  steel  is  about  to  take  place. 

A  movement  of  the  load  into  the  far  third  produces  further  com- 

*  Engineering  News,  September  21st.  1899. 
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pression   in   the   concrete,   and   causes   tension   in   the   steel.     It   is  Mr.  Leffler. 
evident  that  this  extra  pressure,  and  tension  in  the  steel,  is  directly 
proportional  to  the  distance  of  the  point  of  application  of  the  load 
beyond  the  far  edge  of  the  middle  third. 

For  simple  beams,  the  writer  uses  the  straight-line  formulas,  as 
given  in  "Concrete,  Plain  and  Reinforced,"  by  Taylor  and  Thomp- 
son. 

The  following  is  the  writer's  simple  method  of  designing  for  com- 
bined thrust  and  moment: 

The  moment,  for  extra  pressure  at  the  far  edge  of  the  concrete 
and  for  tension  in  the  steel,  is  equal  to  the  distance  of  the  point  of 
application  of  the  load  beyond  the  far  edge  of  the  middle  third. 


Far  edge 
^of  concrete 


d- 

FiG.  31. 


multiplied  by  the  load.  Use  this  moment  as  if  it  occurred  in  a 
simple  beam,  determining  the  extra  pressure  on  the  concrete,  and 
tension  in  the  steel.  Add  the  extra  pressure  to  twice  the  average 
pressure  for  the  total  pressure  on  the  concrete  at  the  far  edge. 

It  is  well  to  remember  that  the  middle-third  theory  is  based  on  a 
straight  line  in  the  stress-strain  diagram,  and  cannot  be  used  in  the 
ultimate-strength  method  of  designing. 

The  writer  would  like  to  see  an  advocate  of  the  ultimate-strength 
method  of  designing  attempt  to  show  when  steel  takes  tension  in  the 
above  case! 

The  assumption  of  a  straight  line  in  the  stress-strain  diagram 
leads  to  simple  formulas  of  wide  application,  and  hence  is  bound  to 
prevail.  Of  coiirse,  in  this  assumption,  working  stresses  should  be 
used,  and  not  ultimate  stresses. 
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r.  Leffler.  It  seems  to  the  writer  that  the  present  field  of  engineering  liter- 
ature on  reinforced  concrete  is  being  turned  into  a  vast  mathemati- 
cal gymnasium.  An  engineer  is  not  i^rimarily  a  mathematician, 
but  only  incidentally  so. 
Mr.  Hill.  George  "Hill,  M.  Am.  Soc.  C.  E.  (by  letter). — Although  rein- 
forced concrete  has  been  in  use  now  for  some  few  years,  and  the 
literature  on  the  subject  is  becoming  voluminous,  a  lack  of  agree- 
ment is  still  found  in  regard  to  facts.  Eelatively  few  tests  have 
been  made,  and  there  are  imperfections  in  the  observations,  tending 
to  minimize  the  value  of  these  tests,  the  majority  of  which  have 
been  for  commercial  rather  than  engineering  purposes. 

In  glancing  over  the  literature  on  the  subject,  the  reader  will 
notice  that  as  a  writer  gains  experience  in  the  actual  use  of  rein- 
forced concrete  his  views  regarding  it  change.  He  is  more  wary  in 
using  indiscriminate  tests,  is  apt  to  make  more  for  himself,  and  is 
less  certain  that  he  can  solve  all  problems  theoretically.  This  would 
indicate  the  desirability  of  less  work  with  pencil  and  paper  and  far 
more  work  with  a  testing  machine,  before  the  application  of  the 
differential  calculus  to  the  results. 

In  certain  tests  made  by  the  writer*  he  was  struck  by  the  simi- 
larity, in  reasonably  good  slabs,  of  what  might  be  called  the  load 
curve.  All  these  tests  were  made  with  a  portable  hydraulic  testing 
machine  having  a  recording  apparatus.  Pains  were  taken  to  secure 
a  reasonably  uniform  application  of  the  load,  and  to  record  the 
deflection  constantly,  so  that  for  each  test  there  was  a  graphical 
representation  which  spoke  directly  to  the  eye  and  conveyed  lessons 
which  would  otherwise  have  been  lost  unless  considerable  labor  were 
expended  in  plotting  the  results.  All  the  load  curves  indicated  an 
elastic  limit  point  for  the  combination,  which  also  appeared  in  the 
deflection  curve.  In  the  writer's  opinion,  tests  which  stop  short  of 
the  destruction  of  the  object  tested  are  of  no  value,  and  these  con- 
stitute the  bulk  of  the  public  tests  during  the  past  five  years.  Tests 
which  do  not  indicate  clearly  the  behavior  of  the  piece  under  each 
increment  of  load,  and  those  made  for  some  especial  pvirpose,  with- 
out photographs,  are  of  but  little  value,  as  the  observations  are  open 
to  dispute;  therefore  one  can  understand  the  author's  desire  for 
further  tests. 

Another  serious  difiiculty  is  the  lack  of  uniformity  in  the  con- 
crete. In  the  writer's  opinion,  therefore,  the  two  most  fruitful 
subjects  for  present  investigation  are  the  production  of  a  concrete 
by  commercial  methods  having  fairly  uniform  characteristics  which 
can  be  predetermined,  and  the  testing  to  destruction  of  reinforced 
concrete    members,    under    conditions    which    will    secure    graphic 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXXIX,  p.  617. 
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records  of  the  load,  its  rate  of  application,  the  deformation  at  each  Mr.  Hill, 
instant,  and  the  appearance  of  the  piece  tested  at  certain  critical 
periods. 

The  author,  on  page  63C,*  states  as  follows : 

"Therefore  it  seems  justifiable  to  assume  that  a  formula  such  as 
Equation  6  can  be  made  just  as  accurate  as  any  of  the  forms  of 
Equations  1  to  5,  especially  if  its  constants  be  determined  from 
tests  designed  with  that  end  in  view." 

With  this,  the  writer  is  in  full  accord.  To  a  considerable  extent, 
it  supports  the  view  he  expressed  in  his  papert  presented  in  April, 
1898.  While  engineers  may  feel  that  it  is  too  simple  a  solution  for 
men  of  their  mathematical  attainments,  yet,  as  they  are  charged  with 
the  duty  of  getting  full  value  for  their  employers'  time  as  well  as 
their  own,  they  should  realize  that  the  present  state  of  the  art  ad- 
mits of  nothing  better. 

The  writer  doubts  very  much  the  value  of  the  theoretical  discus- 
sion of  maximum  economy  by  the  methods  of  the  calculus.  Not 
only  does  the  cost  of  the  aggregate  vary  in  different  localities,  but  it 
varies  constantly  in  the  same  locality.  Owing  to  the  beneficent 
rule  of  the  labor  unions,  one  may  in  one  locality  pay  for  labor  at 
$1.75  per  day,  to-day,  and  six  months  later  be  required  to  pay  $4 
per  day  for  the  same  work.  During  one  month  it  may  be  found  that 
one  form  of  deformed  steel  bar  can  be  had  cheapest,  and  the  next 
month  some  other  form.  It  may  be  permitted  on  one  job  to  use  a 
certain  style  of  form,  or  centering,  which  is  relatively  inexpensive 
and  can  be  used  repeatedly,  but  the  next  job  may  be  so  different  that 
none  of  the  former  centering  is  available.  Therefore,  it  follows 
that  whatever  may  be  the  most  advantageous  for  one  job  may  be 
very  uneconomical  for  the  following  one.  The  writer  believes  that 
no  formula  can  be  devised  which  will  cover  these  conditions,  and  be 
used  by  a  busy  man. 

In  the  ninety-four  tests  published  in  the  writer's  paper,  pre- 
viously referred  to,  he  observed  in  no  case  any  necessity  for  web 
reinforcement,  and,  in  properly  designed  commercial  structures,  he 
doubts  the  necessity  or  desirability  of  such  reinforcement.  In  rela- 
tively deep  and  slender  T -beams  it  may  be  necessary,  but  it  is 
questionable  whether  or  not  it  is  commercially  desirable  to  design 
such  beams. 

The  writer  is  heartily  in  accord  with  the  following  statements  by 
the  author :  on  page  626,*  in  regard  to  the  impression  of  the  extreme 
accuracy  of  the  complicated  formula,  which  is  not  at  all  justified; 
on  page  630,*  in  regard  to  the  desirability  of  taking  conservative 
values  for  the  maximum  allowable  stresses;  on  page  634,*  in  regard 

*  Proceedings,  Am.  Soc.  C.  E  ,  for  December,  1905. 
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Mr.  Hill,  to  the  experimental  determination  of  the  maximum  allowable  per- 
centage of  reinforcement;  on  page  636,*  heretofore  referred  to;  on 
page  640,*  that  the  best  that  can  be  done  is  to  use  as  large  a  per- 
centage of  steel  as  the  concrete  will  stand;  on  page  651,*  that  a 
mechanical  bond  is  to  be  preferred  to  simple  adhesion;  on  page  656,* 
that  it  is  of  importance  that  the  floor  slab  and  the  part  of  the  beam 
or  girder  below  it  should  be  bonded  together;  and  paragraph  6  on 
page  659.* 

In  regard  to  the  statement,  on  page  654,*  concerning  the  de- 
hydration of  cement,  the  facts  may  be  as  stated  by  the  author;  the 
conclusion  that  this  damaged  material  must  be  removed  does  not  fol- 
low, for,  if  the  tensile  strength  of  the  cement  is  neglected  in  the 
computations,  this  material  is  only  used  as  a  protection  for  the  steel, 
and  if  it  performs  that  function  it  might  as  well  be  left.  It  will 
perform  that  function  if  a  wire  netting  or  other  similar  substance  be 
used  for  the  sole  purpose  of  retaining  the  cement  around  the  rein- 
forcement. It  is  to  be  earnestly  hoped  that  this  paper  will  attain  its 
main  object,  as  explained  in  the  last  paragraph  on  page  659.* 

Engineers  who  design  reinforced  concrete  should  come  to  an 
agreement  in  regard  to  the  most  desirable  method  of  making  tests; 
in  regard  to  practicable  formulas  which  can  be  applied  in  design; 
in  regard  to  formulas  applicable  to  floor  slabs  with  numerous  sup- 
ports; in  regard  to  the  shrinkage  of  slabs  and  walls  in  setting;  in 
regard  to  a  provision  for  either  the  elimination  or  localization  of 
cracks;  and  in  regard  to  the  commercial  limitations  which,  in  gen- 
eral, should  apply  in  the  design  and  construction  of  reinforced  con- 
crete buildings. 

*  Proceedings^  Am.  Soc.  C.  E.,  for  December.  1905. 
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Albert  J.  Himes,  A.  W.   Carpenter  and 

John  Thomson. 


Henry  B.  Seaman,  M.  Am.  Soc.  C.  E. — The  matter  of  chief  in-  Mr.  seaman, 
terest  in  connection  with  these  full-sized  tests  is  that,  on  50-ft.  bars, 
they  offer  a  confirmation  of  the  specimen  tests  made  by  Bauschinger 
years  ago.  Mr.  Cooper's  tests  on  eye-bars  show  a  permanent  set  at 
a  strain  of  about  12  000  lb.  per  sq.  in.,  while  his  specimen  tests  indi- 
cated an  elastic  limit  of  about  35  000  lb.  If  his  eye-bars  had  been 
still  longer,  it  is  possible  that  a  permanent  set  would  have  been  ob- 
served at  even  a  lower  strain.  This,  to  the  speaker's  mind,  is  a  very 
satisfactory  confirmation  of  the  deduction  of  Bauschinger  that, 
after  a  strain  is  once  applied,  the  elongation  is  never  entirely 
eliminated,  although  it  may  gradually  decrease  if  allowed  time  for 
rest. 

These  tests,  the  speaker  believes,  confirm  the  statement  made  by 
him  in  a  paperf  upon  the  Launhardt  formula,  that  the  experiments 

•This  discussion  (of  the  paper  by  Theodore  Cooper,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings,  for  January,  1906>,  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  fur  further  discussion. 

Communications  on  this  subject  received  prior  to  May  26th,  1906,  will  be  published 
subsequently. 

+  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLI,  pp.  141  and  146. 
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Mr.  Seaman,  of  Wohler  entirelj'  destroy  the  theory  of  the  perfect  elasticity  of 
metals  as  formerly  accepted,  and  require  that  the  term  be  aban- 
doned and  a  new  definition  sought.  Since  that  date  the  term, 
"yield  point,"  has  gradually  replaced  the  old  term,  "elastic  limit." 

Mr.  Cooper's  experiments  are  valuable  in  demonstrating  the 
necessity  of  considering  the  results  of  refined  testing  in  large 
structures. 
Mr.  Merriman.  Mansfield  Merriman,  M.  Am.  Soc.  C.  E. — The  full-sized  draw- 
ings exhibited  by  the  author  show  the  distortions  in  the  eye-bar 
heads  more  clearly  than  the  speaker  has  heretofore  seen.  From 
these  lines  it  is  possible  to  study  the  actual  distribution  of  the  stresses 
throughout  the  metal,  and  probably  a  more  precise  knowledge  might 
be  obtained  than  that  which  we  now  possess.  The  lines,  ruled  on 
the  head  before  making  the  test,  were  parallel  and  normal  to  the 
length  of  the  bar  forming  1-in.  squares,  and  the  distortions  of  these 
squares  indicate  the  nature  and  the  relative  intensities  of  the 
stresses.  Where  a  square  is  seen  to  be  distorted  into  a  rectangle, 
one  side  being  shorter  and  the  other  longer  than  1  in.,  it  is  known 
that  there  existed  compressive  and  tensile  stresses  at  right  angles  to 
each  other.  Where  a  square  is  distorted  into  a  rhombus,  it  is  known 
that  shearing  stresses  also  prevailed.  The  speaker  regards  these 
drawings  as  of  much  interest  and  value,  and  hopes  that  the  author 
may  be  able  to  publish  one  or  more  of  them  for  the  benefit  of  the 
engineering  profession. 

Referring  now  to  the  general  question  brought  forward  by  the 
author,  it  seems  to  be  proved  by  the  tests  that  the  elastic  limit  of 
the  eye-bar,  as  a  whole,  is  reached  before  that  of  the  bar  proper. 
It  is  not  difficult  to  see  that  this  is  entirely  due  to  the  high  com- 
pressive stress  in  the  eye-bar  head  at  the  back  of  the  pin,  this  being 
due  to  the  small  bearing  surface  between  the  pin  and  the  head.  The 
usual  rule  for  determining  the  bearing  compressive  stress,  by  divid- 
ing the  total  tensile  load  by  the  diametral  area  of  the  pin  hole,  is,  of 
course,  a  rough  approximation,  and  it  is  certain  that,  with  the  usual 
clearances,  the  actual  stress  between  the  pin  and  the  eye-bar  head  is 
very  much  greater  than  given  by  this  rule.  As  a  consequence,  the 
compressive  elastic  limit  of  the  metal  in  the  head  is  exceeded  before 
the  tensile  elastic  limit  of  the  metal  in  the  bar  proper  is  reached. 
Fortunately,  the  shape  and  size  of  the  eye-bar  heads  have  been  so 
proportioned  by  experiment  that  rupture  almost  always  occurs  in 
the  bar,  and  hence  the  author's  conclusions  throw  no  distrust  upon 
the  eye-bar  system  of  bridges,  as  far  as  safety  is  concerned.  His 
investigation,  however,  is  of  value  and  importance  in  computing 
the  camber  of  long  spans,  and  also  for  cases  where  the  deflections 
of  the  ends  of  projecting  trusses  require  to  be  computed. 
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In  order  to  decrease  the  compressive  stress  iu  the  metal  back  of  Mr.  Merriman. 
the  pin,  it  has  been  suggested  to  increase  the  thickness  of  the  head 
of  the  eye-bar,  and  also  to  use  a  harder  steel  for  the  head.  While 
the  head  can  be  made  thicker,  it  is  doubtful  if  it  would  be  ex- 
pedient to  do  so  with  such  large  eye-bars  as  those  used  in  the 
Quebec  Bridge.  The  use  of  harder  steel  for  the  head  does  not  seem 
practicable  unless  the  bar  itself  is  also  of  the  same  grade  of  steel; 
in  this  case  the  elastic  limits  of  both  head  and  bar  would  be  higher, 
the  allowable  unit  stresses  would  also  be  taken  higher,  and,  hence, 
the  same  phenomena  as  before  would  occur. 

A  third  method  that  has  been  suggested  is  to  cut  the  eye-bar  hole 
of  oval  shape,  the  shorter  diameter  of  the  oval  being  a  little  larger 
than  the  diameter  of  the  pin,  while  the  longer  diameter,  which  is 
parallel  to  the  axis  of  the  bar,  is  sufficiently  large  to  give  ample 
clearance.  The  curvature  of  the  oval  at  the  back  of  the  pin  should 
be  greater  than  that  of  the  pin,  so  that  the  pin,  when  first  brought 
into  bearing,  does  not  quite  touch  the  back  surface  of  the  hole,  but 
bears  along  the  head  at  two  places  on  each  side.  The  curve  to  be 
used  should  be  such  that,  for  a  certain  tensile  stress  in  the  bar,  say, 
15  000  lb.  per  sq.  in.,  the  radial  compressive  stresses  between  the  pin 
and  the  head  would  be  closely  equal  over  an  arc  of  120° ;  if  this  can 
be  attained,  the  intensity  of  the  radial  compressive  stress  will  be 
less  than  18  000  lb.  per  sq.  in.  The  theoretic  determination  of  this 
curve  is  not  an  easy  matter,  for  the  pin,  also,  is  deformed  as  the 
stress  increases,  but  a  few  experiments  would  undoubtedly  result  in 
producing  an  oval  hole  for  which  the  distortions  of  the  head  would 
be  very  much  less-  than  those  shown  in  the  author's  drawings.  While 
the  cutting  of  such  holes  would  add  somewhat  to  the  cost  of  the  eye- 
bars,  it  may  be  noted  that  the  difficulty  of  inserting  a  pin  through 
many  bars  in  erection  would  be  much  diminished,  since  the  oval 
holes  would  furnish  ample  longitudinal  clearance. 

Albert  J.  Himes,  M.  Am.  Soc.  C.  E.  (by  letter). — That  an  eye- Mr.  Himes. 
bar  is  known  to  be  permanently  elongated  in  the  pin-hole  when  the 
strain  in  the  body  is  not  more  than  12  000  lb.  per  sq.  in.  is  a  startling 
fact,  and  should  have  been  discovered  before.  In  now  bringing  the 
matter  before  the  Society,  Mr.  Cooper  has  added  one  more  important 
service  to  the  generous  list  which  he  has  already  given  to  the  pro- 
fession. 

Although  it  is  not  found  in  practice  that  bridges  are  developing 
a  deflection  such  as  would  be  caused  by  elongation  of  the  pin-hole, 
and,  in  taking  down  numerous  old  bridges  which  have  been  subjected 
to  loads  far  beyond  those  contemplated  in  their  design,  no  de- 
formation of  the  pin-hole  has  been  noticed,  these  facts  merely 
demonstrate,  as  in  the  case  where  one  of  a  pair  of  eye-bars  carries 
the  whole  load,  that  the  assumptions  of  loading  and  factor  of  safety 
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Mr.  Himes.  are  SO  liberal  that  defects,  like  this  lack  of  strength  in  the  pin-holes, 
have  not  produced  any  noticeable  effect  in  working  structures. 

Such  defects,  however,  are  elements  of  weakness  which  greatly 
reduce  the  supposed  factor  of  safety  and  render  of  small  value  the 
liberal  sections  brought  into  use  by  some  of  the  impact  formulas. 

The  author's  discovery  will  also  do  much  good  indirectly  by 
checking  a  tendency  toward  over-confidence  in  the  perfection  of  the 
art  of  bridge  building.  That  there  is  still  something  to  discover  is 
very  evident,  and  the  need  of  greater  caution  is  plainly  indicated. 

A  theoretical  discussion  of  the  effects  on  the  pin-hole  of  tension 
in  the  bar  gives  results  so  much  in  accordance  with  those  described 
by  the  author  that  it  will  be  presented  for  con- 
sideration. ^-.' --.^ 

If   an    eye-bar   be   imagined   to    be   divided         /  ^\ 

longitudinally  on  the  center  line,  and  each  half 
of  the  bar  to  carry  its  proportion  of  the  tension 
independently  of  the  other  half,  and  then,  if  the 
head  of  the  bar  be  cut  through  the  center  of  the 
pin-hole  at  right  angles  to  the  axis  of  the  bar, 
the  result  is  a  free  body,  shown  in  Fig.  Y.  This 
free  body  is  acted  upon  by  only  two  forces :  ten- 
sion in  the  body  of  the  bar  and  a  parallel  ten- 
sion in  the  head;  but  the  two  forces  are  sep- 
arated by  a  distance,  a,  thus  forming  a  couple. 
The  moment  of  this  couple  must  be  resisted  by 
a  section  of  the  head,  A,  B,  and,  in  a  specific 
case,  the  computation  of  the  outer  fiber  stresses 
in  this  section  will  show  that  the  usual  working 
stress  in  the  body  of  the  bar  produces  stresses  in  the  section  which 
exceed  the  elastic  limit. 

Assume  a  bar  1  in.  thick. 

Assume  a  unit  stress  of  12  000  lb. 

Tension  at  D  =  6^  X  1'2  000  =  75  000  lb. 
"        "  C  =  75  000  lb. 

Arm  of  couple  =  6|  in. 

Moment  of  couple  =  469  000  in-lb. 

Section  ^  _B  =  7^  X  1  in.  =  7i  sq.  in. 

Moment  of  inertia  of  A  B  =:  .35.2. 

M  e  _  469  000  X  3.75 
~1  35:2 

which  exceeds  the  elastic  limit. 

This  condition  agrees  precisely  with  those  reported  by  the  author. 
He  discovered  compression  at  B  and  elongation  at  A,  and  a  per- 
manent deformation  when  the  unit  tension  at  D  was  12  000  lb. 


Outer  fiber  stress  at  A 


=  49  960  lb. 


Papers.]        DISCUSSION  OX   NEW  FACTS  ABOUT  EYE-BARS.  3fi7 

With  the  change  of  shape  of  the  pin-hole,  there  must  come  a  >ir.  Himes. 
re-distribution  of  stress  in  the  section,  A  B,  so  that  the  tension  at  A 
will  decrease  and  the  compression  at  B  will  be  changed  to  tension. 
If  the  direction  of  the  tension  at  C  be  changed  so  as  to  pass  through 
the  head  and  intersect  the  axis  of  the  bar  at  E,  there  is  no  longer  a 
couple,  and  the  tendency  to  deformation  which  it  produced  in  the 
section,  A  B,  has  ceased;  or,  it  may  be  said  that  a  second  couple  has 
been  formed  by  the  lateral  pressure  against  the  pin  and  its  corre- 
sponding resistance  in  the  section,  X  Y,  this  couple  acting  in  a  di- 
rection opposed  to  the  first  couple,  and  therefore  relieving  the  bend- 
ing stress  in  the  section,  A  B.  This  condition  agrees  well  with  the 
fact  that  after  a  slight  stretch  at  A,  the  pin-hole  is  not  generally 
ruptured,  although  the  bar  breaks  in  the  body  under  a  tension  four 
or  five  times  as  great  as  that  which  caused  the  first  deformation  in 
the  pin-hole. 

Mr.  Cooper  discovered  that  a  slight  variation  in  the  pin-hole 
clearance  produced  no  appreciable  effect  in  the  deformation  of  the 
bar,  and  this  fact  also  agrees  with  the  theory,  since  a  maximum 
variation  of,  say,  tV  in.  is  very  small,  compared  with  the  arm  of  the 
couple. 

In  attempting  to  meet  the  requirement  that  bars  tested  to  de- 
struction shall  break  in  the  body  rather  than  in  the  head,  the  manu- 
facturers, apparently,  have  rested  content  with  their  success,  and 
have  paid  little  attention  to  the  character  of  the  deformation. 

If  the  section,  A  B,  could  be  given  a  moment  of  resistance  great 
enough  to  keep  the  tension  at  A  well  below  the  elastic  limit,  a  con- 
dition which  exists  in  the  riveted  flat  bar.  Fig.  4,*  the  defect  would 
be  corrected.  Another  remedy  would  be  to  alter  the  shape  of  the 
pin-hole  and  head  to  conform  approximately  to  that  due  to  final 
distortion.  The  latter  method  would  not  be  perfect,  but  it  would 
greatly  lessen  the  defect.  The  bar  would  still  have  to  stretch  enough 
to  come  to  a  bearing  on  the  sides  of  the  pin,  after  which  it  might  be 
fairly  assumed  that  the  bending  moment  has  been  eliminated.  The 
manufacturers  would  find  some  difficulty  in  making  the  elongated 
holes,  but  the  tests  appear  to  indicate  that  an  improvement  is  needed. 

The  author's  conclusion,  that  bars  of  high  tensile  strength  are 
to  be  preferred  because  they  exliibit  less  deformation  in  the  tests, 
would  seem  to  be  unsound,  because  such  bars  woidd  be  strained  to 
the  yield  point  in  the  section,  A  B,  as  well  as  bars  of  softer  material, 
and,  if  steel  must  be  deformed,  it  is  well  known  that  the  softer 
grades  are  safer. 

While  eye-bars  are  under  consideration,  the  writer  desires  to  say 
something  in  reference  to  annealing.  There  seems  to  be  a  prevalent 
idea  that  the  full-sized  test  is  satisfactory  if  the  bar  does  not  break 

*  Proceedings,  Am.  Soc.  C.  E.,  for  January,  1906,  p.  24. 
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•  Mr.  Hinies.  in  the  head.  That  result  is  assumed  to  prove  the  success  of  the 
bridge  shop;  and  previous  specimen  tests  have  shown  the  character 
of  the  mill  product. 

Fractures  partially  crystalline  are  very  common,  and  brittleness 
sometimes  appears.  These  defects,  in  all  probability,  are  due  to 
heat  treatment,  and,  as  the  bars  have  been  annealed,  they  cannot  be 
charged  to  the  rolling  mill.  The  full-sized  test  should  be  a  test  of 
annealing  as  well  as  a  test  of  the  workmanship  on  the  heads,  and 
there  can  be  no  true  test  of  annealing  unless  a  bar  is  broken  from 
every  charge  of  the  annealing  furnace. 

The  annealing  of  eye-bars  has  long  been  subject  to  the  personal 
skill  and  supposed  infallibility  of  men  who,  though  faithful  and 
skilful  beyond  the  average,  have,  nevertheless,  a  poor  conception  of 
the  scientific  properties  of  steel.  The  importance,  in  annealing,  of  a 
uniform  and  rapid  heating  to  a  temperature,  not  too  high,  and  of 
uniform  and  fairly  rapid  cooling,  is  not  generally  understood. 
Ridsdale  has  shown  the  effects  of  too  high  a  temperature  and  of 
chilling,*  and  bars  that  bore  all  the  evidence  of  such  treatment  have 
been  seen  by  the  writer.  It  would  seem  that  the  substitution  of  a 
pyrometer  for  the  time-honored  color  test  would  afford  a  more  cer- 
tain control  of  the  temperature  and  be  another  step  in  the  march  of 
progress. 

Mr.  Carpenter.  A.    W.    CARPENTER,   AsSOC.   M.   Am.    SoC.    C.   E.    (by   letter). — The 

author  states  that  the  failure  of  the  usual  assumptions,  as  shown 
by  his  investigation,  is  not  of  much  importance  in  ordinary  bridges 
on  account  of  low  unit  stresses.  It  would  seem  to  the  writer  that 
the  stresses  in  ordinary  bridges  are  frequently,  if  not  generally, 
high  enough  to  come  within  the  range  of  those  which  are  shown  to 
be  serious.  With  the  increase  of  loads  and  with  the  impact,  in  the 
case  of  railroad  bridges,  the  nominal  stresses  for  which  the  struc- 
tures are  designed  are  greatly  increased,  and  the  details  should  be 
such  as  to  take  care  of  any  increase  in  the  stresses  as  well  as  in  the 
main  sections. 

In  view  of  the  results  obtained  by  the  author,  the  present  gen- 
erally-adopted design  of  eye-bar  heads  is  defective,  even  for  or- 
dinary structures,  especially  as  the  tendency  is  toward  smaller 
heads.  The  author's  experiments  were  conducted  upon  bars 
with  heads  larger  in  proportion  than  are  now  furnished  in  ordinary 
jiractice.  The  excess  percentage  throiigh  the  eyes  of  the  bars  tested 
is  shown  to  vary  from  39  to  69%,  with  one  exception,  in  which  the 
excess  was  31  per  cent.  The  largest  bridge  concern  in  the  country 
has,  for  a  standard,  a  head  with  30%  excess  of  section  through  the 
eye,  and  guarantees  the  development  of  the  full  strength  of  the  bars 
with  such  heads.     It  would  appear  from  the  author's  tests  that  the 

*  Engineering  News,  Vol.  46,  pp.  238  and  276. 
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stretch  of  the  pin-holes  in  such  heads,  due  to  stresses  within  work-  Mr.  Carpenter, 
ing  limits,  would  obtain  in  greater  degree  than  with  the  larger  heads. 
It  would  seem,  therefore,  that  the  manufacturers  should  change  their 
standards  to  produce  larger  heads,  even  at  the  expense  of  some  metal 
and  room  for  clearance.  This  would  seem  to  be  a  primary  step  in 
the  right  direction.  As  pointed  out  by  the  author,  however,  some- 
thing more  is  necessary.  He  shows  that  reducing  the  pin  clearances 
and  increasing  the  size  of  the  pins  does  not  affect  the  results. 

He  calls  attention  to  the  superiority  of  harder  steel,  and  the 
tests  appear  to  confirm  this  superiority.  The  writer  believes  that 
the  steel  used  for  eye-bars  and  other  annealed  members  should  be  of 
a  harder  grade  than  that  used  for  unannealed  material,  so  that  the 
finished  work  may  be  more  nearly  of  the  same  strength  throughout. 
With  the  added  advantage  of  stiffening  the  pin-holes,  this  would 
surely  seem  to  be  the  proper  selection  of  material.  This,  of  course, 
is  in  line  with  the  author's  suggestion,  his  other  recommendation  be- 
ing to  stretch  the  eyes  longitudinally  before  final  boring.  The 
latter  may  be  practicable,  but  seems  to  be  a  little  doubtful. 

The  writer  would  offer  the  following  suggestion :  that  the  heads 
of  the  bars  be  made  thicker  than  the  bodies,  a  method  which  was 
extensively  used  at  one  time.  This  would  seem  to  be  the  most 
efficient  method  of  decreasing  the  maximum  pressure  of  the  pins  on 
the  pin-holes.  This  pressure,  owing  to  the  necessary  clearance  of 
the  pin,  however  infinitesimal,  must  be  a  variable  pressure,  having  a 
maximum  at  the  back  of  the  pin-hole  in  the  line  of  stress.  This 
maximum  pressure  is  reduced  directly  in  proportion  as  the  head  is 
thickened.  The  section  in  the  head  could  thus  be  very  rapidly  in- 
creased without  increasing  the  diameter,  and  the  manufacture  of 
such  heads  would  seem  to  present  no  difficulties.  The  disadvantages 
would  be  in  the  increased  space  occupied  in  packing,  the  increased 
length,  and,  probably,  in  the  increased  strength  required  for  the  pins. 
A  minor  advantage  in  the  thickening  of  the  heads  would  be  the 
greater  separation  of  the  bodies  of  the  bars,  as  these  sometimes  lie 
too  close  for  painting.  It  is  possible  that  a  very  slight  thickening 
would  give  the  desired  result,  b^it  this  is  a  matter  which  it  would 
only  seem  possible  to  prove  by  experiment. 

An  old  handbook  of  the  Phoenix  Iron  Company  gives  a  table  of 
dimensions  of  thickened  eye-bar  heads,  which  shows  the  range  of 
thickness  varying  from  i  to  |  in,  for  bars  up  to  6  in.  in  width.  The 
excess  section  obtained  varies  from  43  to  87  per  cent.  The  material, 
of  course,  was  iron,  and  the  writer  understands  that  the  heads  were 
formed  partially  by  piling  and  welding,  and  partially  by  upsetting. 

The  writer's  suggestions,  summarized,  would  be,  to  make  some 
bars  with  heads  of  the  usual  circular  shape,  and  with  a  section 
through  the  pin-hole  50%  in  excess  of  the  body  of  the  bar,  using 
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Mr.  Carpenter,  medium  steel  running  to  the  highest  limit  of  tensile  strength 
(70  000  lb.  ultimate  strength),  with  heads  thickened,  say,  25%  over 
the  body  of  the  bar,  and  test  these  for  the  stretch  of  the  pin-holes  on 
the  lines  followed  by  the  author.  Some  change  in  the  ordinary 
design  and  method  of  manufacture  should  be  made  to  remedy  the 
defect  pointed  out. 
Mr.  Thomson.  JoHN  THOMSON,  M.  Am.  Soc.  C.  E.  (by  letter). — The  following 
observations,  while  not  derived  from  a  line  of  application  similar  to 
that  described  by  Mr,  Cooper,  may  yet  have  some  interest,  and  in- 
dicate a  line  of  further  experimentation  which,  if  carried  out  prop- 
erly, may  cast  additional  light  upon  the  subject. 
As  to  the  statement: 

"We  have  assumed  that  a  set  of  bars  carefully  bored  to  an  exact 
length  would  all  pull  to  an  equal  strain,  as  long  as  the  elastic  limit 
measured  on  the  body  of  the  bar  was  not  exceeded." 

The  writer  can  say  that  in  his  experience  with  short  connecting 
rods,  used  for  heavy  duty  on  printing  and  embossing  machinery,  it 
has  been  known,  for  a  considerable  time,  that  the  design  of  the  eyes 
and  the  relative  proportion  existing  between  the  bearing  surfaces 
thereof  and  the  pins  upon  which  they  act,  are  factors  of  the  first 
importance. 

Thus,  if  the  eye-bars  described  in  the  paper  are  regarded  as  con- 
necting rods  to  be  used  in  tension  on  a  machine,  then,  in  the 
writer's  opinion,  the  reason  they  failed  in  the  manner  set  forth  would 
be  due  to  the  fact  that  the  bearing  surfaces,  as  between  the  bores  of 
the  eyes  and  the  pin,  have  not  sufficient  area. 


Fig.  8. 

Fig.  8  is  a  view  of  a  15-in.  bar,  2  in.  thick,  with  a  12-in.  pin. 
The  effective  arc  of  contact  on  such  an  eye  and  pin  will  not  exceed 
120° ;  if  loosely  fitted,  as  stated,  it  will  hardly  exceed,  say,  90°,  which 
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is  the  arc  of  contact  in  primary  intimate  contact.     But,  assuming  Mr.  Thomsou. 

the  maximum,  or  120°,  the  effective  area  in  contact  to  resist  the  pull 

of  the  bar  will  be  approximately  25  sq.  in.     The  area  of  the  rod, 

15  X  2  =  30  sq.  in.,  which,  when  subjected  to  a  stress  of  24  000  lb. 

per  sq.  in.,  gives  a  total  test  load  of  720  000  lb. ;  and  this,  divided  by 

the  area  of  the  bearing,  gives  an  average  pressure  of  28  800  lb.  per 

sq.  in.  of  that  surface,  or  4  800  lb.  per  sq.  in.  in  excess  of  the  tensile 

stress  per  square  inch  in  the  main  body  of  the  eye-bar.     The  elastic 

limit  of  the  steel  is  not  given  in  the  paper,  but  it  may  be  assumed 

as  being  not  far  from  the  pressure  developed  within  the  eye  upon  the 

pin  at  the  test-strain  quoted.     Be  this  as  it  may,  it  is  a  fact  that, 

with  the  relative  proportions  adopted,  the  intensity  of  pressure,  even 

upon  the  most  favorable  assumption  of  conditions,  is  greatest  where 

it  should  be  the  least. 


Fig.  9. 

The  remedy,  assuming  that  the  adopted  cross-sectional  area  of 
the  main  body  of  the  bar  is  essential,  is  to  increase  the  area  of  the 
surfaces  in  contact  between  the  inner  surface  of  the  eye  and  the 
bearing  pin,  and,  in  the  writer's  opinion,  for  such  a  purpose,  the  ex- 
tent of  this  bearing  should  be  approximately  twice  that  of  the  cross- 
sectional  area  of  the  main  body  of  the  bar.  This  can  be  obtained  in 
two  ways:  First,  by  considerably  increasing  the  diameter  of  the 
pin  and  eye ;  or,  second,  by  increasing  the  thickness  of  the  eye.  The 
latter  method  is  regarded  as  more  preferable.  Such  a  construction 
is  shown  in  Fig.  9,  the  outside  diameter  of  the  eye  being  decreased 
and  its  thickness  doubled.  The  mass  of  metal  is  approximately  the 
same  in  either  instance.  In  this  way  the  effective  bearing  surface 
is  doubled,  that  is,  it  is  50  sq.  in. ;  and,  under  a  loading  similar  to 
that  cited,  the  pressure  per  square  inch  would  be  14  400  lb.,  or  9  600 
lb.  per  sq.  in.  less  than  the  tensile  stress  in  the  main  body  of  the 
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Mr,  Thomson,  bar  and  14  400  lb.  per  sq.  in.  less  tban  that  in  the  bar  of  Fig.  8.  In 
the  writer's  judgment,  this  feature  is  the  key  to  the  problem.  It 
may  not  be  quite  so  "handy"  for  rolling-mills  to  slab  out  bars  of  the 
form  indicated  in  Fig.  9,  but  this  would  probably  be  "all  to  the 
good,"  as  there  appears  to  be  no  reason  why  bars  of  the  dimensions 
given  in  the  paper  should  not  have  their  eyes  formed  by  forging,  or 
hydraulic  pressure,  in  forming-dies,  as  has  been  done  most  success- 
fully, in  thousands  of  instances,  in  the  writer's  own  experience. 
In  this  way,  too,  there  is  another  advantage  in  that  the  forged  bore 
of  the  eye  can  be  swaged,  relatively  cold,  thus  condensing  and  hard- 
ening the  metal  where  it  bears  upon  the  pin. 


There  is  another  point  relative  to  this  matter,  which,  however,  is 
presented  with  some  hesitancy.  It  is  illustrated  by  Fig.  10.  Here, 
the  query  is :  Would  it,  or  would  it  not,  be  advantageous  to  flatten 
the  pin  at  the  top  and  bottom,  line  S,  at  right  angles  to  the  line  of 
strain,  P?  As  to  whether  or  not  this  detail  is  new,  the  writer  does 
not  pretend  to  say,  although  he  does  not  know  of  its  having  been 
adopted  outside  of  his  own  practice.  For  several  years  past,  this 
detail  has  been  used  especially  in  bearings,  from  12  to  15  in.  in  di- 
ameter and  with  2  to  3-in.  face,  in  embossing  presses  subjected  to 
exceedingly  heavy  duty.     Prior  to  making  this  modification,  a  num- 
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ber  of  these  rods  had  failed,  having  fractured  through  the  forward  M'"-  Thomson, 
quadrants  of  the  eyes,  where,  it  may  be  observed,  practically  all  such 
fractures  take  place,  at  least  in  the  service  now  being  considered. 
Since  making  the  change  in  the  bearings,  that  is,  planing  the  flats, 
C,  at  the  top  and  bottom  of  the  journal  or  pin,  not  a  single  eye  has 
parted,  although  the  duty  demanded  has  since  been  considerably 
increased.  What  is  the  reason  ?  This  the  writer  does  not  pretend  to 
answer  definitely  as  the  result  of  actual  demonstration,  that  is, 
demonstration  undertaken  for  the  express  purpose  of  proof,  but  his 
theory  as  to  the  cause  may  be  stated  as  follows : 

When  the  eye  of  the  rod  is  subjected  to  such  a  stress  that  it  is 
stretched  away  from  the  free  side  of  the  bearing,  as  h,  or,  what 
amounts  to  the  same  thing,  if  the  forward  bearing  surfaces  wear  or 
yield  under  compression,  this  produces  motion  at  the  top  and  bottom 
of  the  journal  or  bearing-pin;  and,  as  a  considerable  portion  of  the 
bearing,  in  these  locations  (20°,  30°,  40°),  is  but  slightly  effective  in 
resisting  strain  directly,  applied  as  at  P,  these  segments  act  as  highly 
effective  wedges,  to  augment  the  direct  or  normal  strain,  and  operate 
to  burst  the  forward  quadrants  of  the  eye.  This  so-called  "wedge" 
is  denoted,  on  the  lower  edge  of  Fig.  10,  on  an  arc  of  30°,  in  which 
the  bursting  effect  would  be  as  the  relation  of  the  versed  sine  d  to 
the  sine  e;  or,  say,  about  five  times  that  of  the  primary  strain,  fric- 
tion being  disregarded.  Obviously,  the  same  result  would  be  ob- 
tained by  slightly  clearing  the  eye,  as  at  B,  or  by  a  less  flattening 
of  the  pin,  as  denoted  by  the  line  T.  It  may  be  mentioned  that 
these  clearances,  in  a  revolving  bearing,  afford  excellent  means  for 
lubrication,  and  permit  a  preliminary  fit,  upon  the  circular  arcs,  of 
the  journal  or  pin,  considerably  closer  than  would  otherwise  be 
permissible. 

Whether  the  foregoing  theoretical  explanation  stands  or  falls,  the 
proof  of  the  effectiveness  of  the  principle  in  practical  use,  in  the 
application  cited,  is  complete;  and  the  writer  would  have  no  hesita- 
tion in  utilizing  it  under  any  analogous  condition.  In  other  words, 
paraphrasing  a  portion  of  Mr.  Cooper's  opening  text,  "hold  fast  that 
which  is  good,"  whether  or  not  one  finds  theories  to  fit  the  case. 
This,  however,  is  not  intended  to  mean  that  it  is  not  somewhat  better 
to  have  a  close  working  combination  between  theory  and  practice, 
which  is  intended  to  apply  especially  to  Figs.  8  and  9  and  the  de- 
scription relative  thereto. 
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THE  PANAMA  CANAL. 

Discussion,* 


By  Messrs.  George  B.  Francis  and  Theodore  Paschke. 


Mr.  Francis.  George  B.  Francis,  M.  Am.  Soc.  C.  E. — Among  the  arguments 
in  favor  of  a  canal  of  least  first  cost,  viz.,  a  lock  canal,  the  speaker 
has  not  seen  any  of  the  following  kind,  and  therefore  introduces  it 
as  a  matter  which  may  be  of  interest. 

No  man  possesses  such  a  prophetic  vision  that  he  can  forecast 
(beyond  a  very  limited  number  of  years)  what  the  future  will  bring 
forth.  The  future  tendency,  however,  can  be  judged  by  reasoning 
from  the  experience  of  the  past. 

In  all  construction  pertaining  to  transportation  by  roads,  rail- 
roads, and  canals,  a  limited  number  of  years  has  brought  about, 
from  various  causes,  large  and  important  changes.  Sometimes 
routes  and  construction  works  have  been  entirely  abandoned.  In 
ether  cases,  the  capacity  of  the  work  has  been  many  times  enlarged. 
Again,  the  amount  of  funds  at  first  available  has  seemed  ridicu- 
lously small  after  trafiic  had  developed  to  such  an  extent  that 
adequate  construction  could  be  carried  out. 

At  the  end  of  fifty  years,  the  generation  then  existing  has  often 
ridiculed  the  inadequate  conceptions  of  the  original  constructors. 
Knowing  from  experience  the  incapacity  of  mankind  to  foresee  the 
requirements  of  the  future,  beyond  a  reasonable  period,  is  it  wise  to 

*  This  discussion  (of  the  paper  by  A.  6.  Menocal,  M.  Am.  Soc.  C.  E.,  printed  in 
Froceedinfis  for  February,  1906),  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  for  discussion. 

Communications  on  this  subject  received  prior  to  May  36th,  1906,  wilJ  be  pub- 
lished subsequently. 
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look  too  far  ahead,  or  to  expend  much  more  money  than  will  produce  Mr.  Francis, 
n  reasonable  waterway,  within  a  reasonable  time,  and  at  reasonable 
first  cost? 

Is  it  good  judgment  to  be  concerned  about  the  way  in  which  this 
canal  will  be  altered  from  a  lock  to  a  sea-level  canal,  in  the  future, 
or  to  spend  any  money  to  attain  that  object? 

In  the  absence  of  knowledge  as  to  the  amount  of  traffic  or  the 
possible  alteration  and  increase  in  the  size  and  draft  of  vessels,  is  it 
wise  to  prepare  for  extremes?  On  one  hand,  the  lock  canal  may  be 
adequate  for  many  years ;  on  the  other  hand,  it  may  be  entirely  in- 
adequate in  a  short  time. 

When  the  time  comes  for  enlargement,  engineers  will  have  new 
ideas,  and,  instead  of  enlarging  or  lowering  the  canal  in  its  original 
location,  it  may  be  that  a  new  location,  perhaps  relatively  close  to 
the  present  one,  perhaps  as  far  away  as  Nicaragua,  will  be  thought 
more  desirable;  perhaps  two  canals,  at  just  such  a  great  distance 
apart,  will  be  considered  better  than  a  larger  one  in  one  locality. 
Perhaps  two  canals  adjoining  each  other,  each  taking  traffic  in  one 
direction  only,  will  be  preferred.  Even  though  locks  are  made  so 
that  the  canal  may  be  changed  to  sea-level,  the  traffic  may  be  so 
great,  when  the  time  to  make  the  change  comes,  that  it  will  be  alto- 
gether impracticable,  on  account  of  the  serious  interruption  to  traffic, 
or  the  necessity  for  temporary  abandonment  of  traffic  altogether. 

A  great  number  of  examples  could  be  cited  in  support  of  such 
conditions,  not  only  in  transportation  lines,  but  in  public  works  like 
fortifications^  river  improvements,  and  many  minor  kinds  of  con- 
struction. 

Fifty  or  one  hundred  years  from  now,  the  wealth  and  energy  of 
the  United  States  will  be  beyond  the  possible  conception  of  any  per- 
son now  living,  and  the  expenditure  of  $100  000  000,  which  is  a  large 
sum  to-day,  will  seem  to  be  relatively  small  to  the  statesman  or 
engineer  of  the  future. 

Looking  at  the  whole  problem  of  the  Panama  Canal  from  this 
point  of  view,  is  it  not  good  judgment  to  build  now  a  good,  sub- 
stantial lock  canal  for  substantially  the  needs  within  view,  or,  in 
the  event  of  a  decision  to  build  either  a  sea-level  or  a  lock  canal,  to 
expend  no  appreciable  amount  of  money  thereon  in  preparation  for 
changes  or  enlargements  which  may  be  remote,  and  may  be  made 
in  a  manner  entirely  different  from  that  now  conceived? 

Theodore  Paschke,  M.  Am.  See.  C.  E. — The  special  feature  of  Mr.  Paschke. 
Mr.  Menocal's  paper  is  an  argument  in  favor  of  a  lock  canal,  cul- 
minating in  the  somewhat  novel  proposition  of  the  combined  via- 
duct-dam at  Gamboa. 

However  interesting  this  feature  may  be  to  the  lock-canal  par- 
tisans, it  will  be  well  to  defer  its  full  consideration  until  a  necessity 
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Mr.  Pasclike.  therefor  has  arisen,  and  until  it  has  been  fully  decided  that  a  lock 
canal  shall  be  built.  This  opportunity  is  taken  to  express  the  hope 
that  that  time  may  never  come. 

To  the  speaker,  this  paper  seems  to  be  a  very  timely  invitation  to 
the  engineers  of  the  country  to  express  their  opinions  on  the  all- 
important  question  which  at  present  is  before  the  United  States 
Government  for  decision ;  and  it  behooves  this  Society  to  speak  freely 
on  the  question  as  to  the  type  of  canal  vs^hich  should  be  adopted. 

It  is  vpith  this  in  view  that  the  speaker  ventures  a  few  remarks 
on  this  subject. 

Mr.  Menocal  says : 

"It  is  evident  that  a  lock  canal  is  the  most  economical  type,  both 
in  cost  and  time  of  construction,  and  that  the  sea-level  proposition 
is  born     *     *     *     of  sentiment,"  etc. 

The  question  of  comparative  economy  between  the  two  types  is 
fully  covered,  and  may  best  be  left  to  be  answered  by  the  testimony 
given  before  the  Senate  Committee  by  J.  F.  Wallace,  Past-Presi- 
dent, Am.  Soc.  C.  E.,  the  late  Chief  Engineer  of  the  Canal. 

As  to  the  matter  of  the  sea-level  proposition  being  born  of  senti- 
ment, why,  the  speaker,  for  one,  on  the  sea-level  side,  admits  this  at 
once,  and  without  hesitation.  All  achievements  in  the  march  of 
civilization,  of  improvement,  are  born  of  sentiment.  Was  not  the 
voyage  across  the  Atlantic  of  that  most  intrepid  of  all  navigators, 
Christopher  Columbus,  which  resulted  in  the  discovery  of  this  con- 
tinent, born  of  sentiment?  And  how  about  the  Declaration  of 
Independence?  And  still  later,  the  preservation  of  the  Union? 
Were  these  not  born  of  sentiment  ?  Here  is  a  whole  chain  of  grand, 
noble  sentiments,  one  after  the  other,  growing  out  of  the  primary 
sentiment  entertained  by  the  Genoese  ancient  mariner,  culminating 
finally  in  the  reasonable  expectation  of  the  realization  of  his  dream 
of  more  than  four  hundred  years  ago.  Why,  then,  should  sentiment 
detract  from  the  sea-level  proposition? 

The  speaker  is  inclined  to  remind  the  author  that  we  are  at 
Panama,  not  at  Nicaragua.  If  he  were  at  the  latter  place,  he  would 
be  justified  in  sweeping  aside  the  sea-level  proposition  as  born  of  sen- 
timentality. But,  at  Panama  the  sentiment  of  the  sea-level  propo- 
sition becomes  tangible  and  within  the  range  of  practicable  execu- 
tion. Yea,  more,  the  sentiment  becomes  conviction  that  the  sea-level 
proposition  is  the  best  and  the  only  proposition  worthy  of  considera- 
tion. 

All  will  admit  that  the  underlying  sentiment  of  an  ideal  type 
for  a  ship  canal  across  the  Isthmus  is  a  free  and  unobstructed  pass- 
age of  ships,  and  all,  even  the  most  fervent  enthusiasts  of  tlie  lock 
proposition,  will  admit  that  a  lock  in  a  ship  canal  is  an  obstacle,  a 
hindrance,  to  such  free  and  unobstructed  passage,  notwithstanding 
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the  labored  paradoxical  arguments  advanced  in  the  minority  report  Mr.  Paschke. 
of  the  consulting  engineers.  Now,  reducing  the  question  of  su- 
periority of  type  to  a  simple  arithmetical  proposition,  there  is  the 
lock-canal  proposition  with  four  or  more  obstacles  in  the  way  of  a 
free  and  unobstructed  passage  of  ships,  as  against  the  sea-level 
proposition  with  only  one  lock,  and  that  one  open  for  one-third  of 
the  time.  There  is  the  underlying  sentiment  of  the  sea-level  propo- 
School. 

There  is  no  desire  on  the  speaker's  part  to  make  light  of  the  en- 
gineering difficulties  in  the  way  of  a  realization  of  the  proposition 
for  a  sea-level  canal,  but  he  has  faith  in  the  resourcefulness,  in  the 
genius  of  American  engineering  talent  to  solve  all  problems  in  con- 
nection with  the  proposition  completely  and  successfully,  when  con- 
fronted with  the  mandate  of  the  nation. 
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JAMES  MacNAUGHTON,  M.  Am.  Soc.  C.  E.* 


Died  December  29th,  1905. 


James  MacNaughton  was  born  on  January  6th,  1851,  in  Albany, 
New  York,  and  died  on  December  29th,  1905,  in  New  York  City. 
He  was  the  son  of  Dr.  James  MacNaughton,  Dean  of  the  Faculty  of 
the  Albany  Medical  College. 

His  early  education  was  received  at  the  Albany  Boys'  Academy, 
Albany,  New  York,  from  which  institution  he  was  graduated  in 
1867.  After  a  year's  study,  he  entered  the  sophomore  class  of  Yale 
College,  and  was  graduated  with  honors  from  the  classical  depart- 
ment in  July,  1871.  While  there  he  paid  particular  attention  to  the 
study  of  mathematics,  and  had  conferred  upon  him  the  second 
senior  mathematical  prize  of  his  class. 

After  graduation  he  accompanied  Professor  Marsh  as  a  member 
of  his  party  on  a  geological  exploration  in  Kansas,  Colorado  and 
Wyoming.  On  his  return  to  Albany  from  this  expedition  he  studied 
chemistry  and  other  scientific  branches  at  the  Albany  Medical 
College.  In  1873  he  entered  the  Rensselaer  Polytechnic  Institute, 
and  took  a  special  course  in  technical  engineering  subjects  for  a 
period  of  two  years. 

In  1875,  immediately  after  leaving  the  Rensselaer  Polytechnic 
Institute,  he  was  appointed  Rodman  on  Mr.  C.  L.  McAlpine's  party 
on  surveys  for  the  new  aqueduct  for  New  York  City.  He  was  en- 
gaged in  the  field,  and  also  on  the  office  work  in  connection  with 
this  survey,  and  remained  with  the  party  until  the  completion  of  the 
maps,  estimates,  etc.,  in  the  fall  of  the  next  year. 

In  April,  1876,  he  was  appointed  Rodman  in  the  Department  of 
Public  Works,  New  York  City,  in  connection  with  the  construction 
of  the  new  storage  reservoir  near  Brewster,  New  York.  Soon  after 
his  appointment  to  this  position,  he  was  made  Leveler  on  the  same 
work,  and  was  thus  engaged  for  about  a  year  and  a  haK. 

In  the  autumn  of  1877,  he  was  promoted  to  be  an  Assistant  in 
charge  of  the  surveys  for  the  location  of  a  new  storage  reservoir, 
east  of  Brewster  Station,  but  in  the  latter  part  of  December,  1877, 
he  resigned  and  returned  to  Albany,  where  he  took  charge  of  super- 
intending and  getting  out  the  plans  for  the  Hotel  Kenmore,  in 
Albany.     He  had  charge  of  this  work  as  Superintending  Engineer 

*  Memoir  prepared  by  James  C.  McGuire,  Assoc.  M.  Am.  Soc.  C.  E. 


Memoirs.]  ME:\rOIU  OF   JA^NIES   MACNAUGHTON.  379 

of  construction,  and  in  January,  1879,  as  soon  as  the  work  was  com- 
pleted, he  went  abroad,  and  for  four  months  was  engaged  in  study 
in  the  ]6cole  des  Fonts  et  Chaussees,  at  Paris. 

He  returned  to  the  United  States  in  October,  1879,  and  shortly 
thereafter  was  engaged  as  Assistant  Engineer  on  the  West  Shore 
Railroad  for  about  two  years. 

In  1885  he  was  appointed  an  engineer  on  an  expedition  sent  out 
by  the  Canadian  Government  on  H.  M.  S.  Alert,  which  made  ex- 
plorations and  surveys  on  the  Hudson  Bay  Coast. 

Mr.  MacNaughton  was  a  member  of  the  Association  for  the 
Preservation  of  the  Adirondacks,  and  took  much  interest  in  the 
development  of  the  forests  and  the  cutting  of  timber  from  large 
tracts  of  land.  In  1903  he  took  a  course  at  the  Yale  Forestry 
School. 

He  was  elected  a  Member  of  the  American  Institute  of  Mining 
Engineers  in  1890.  The  late  President  Blanco  of  Venezuela  deco- 
rated him  for  services  in  that  country,  in  connection  with  certain 
engineering  enterprises.  He  was  a  Member  of  the  New  York  Board 
of  Trade  and  Transportation  of  New  York  City. 

Just  prior  to  his  death,  he  did  much  to  develop  the  manufacture 
of  Ferro-Titanium  on  a  commercial  basis,  having  been  President  of 
the  Ferro-Titanium  Company  which  built  a  plant  at  Niagara  Falls 
and  successfully  manufactured  Ferro-Titanium  for  the  market.  He 
received  much  recognition  for  his  work  in  this  line,  both  in  the 
United  States  and  abroad,  and  it  is  entirely  due  to  his  efforts  that 
the  use  of  this  alloy  has  been  made  possible  from  a  commercial  stand- 
point. He  was  also  President  of  the  Maclntyre  Iron  Company  at 
the  time  of  his  death. 

Mr.  MacNaughton  was  a  member  of  the  Arts  Club,  the  Univer- 
sity Club,  and  the  Down  Town  Association,  of  New  York  City;  the 
Tahawas  Club,  of  Essex  County,  New  York,  the  Fort  Orange  Club, 
and  the  Albany  Country  Club,  of  Albany,  New  York. 

It  is  to  be  particularly  noted  that  both  in  his  business  connec- 
tions, and  in  the  societies  and  clubs  of  which  he  was  a  member,  he 
was  always  conspicuous  for  his  dignified  bearing  and  courteous  treat- 
ment of  all  who  came  in  contact  with  him,  and  especially  those 
under  him.     He  never  married. 

While  his  loss  to  his  friends  is  great,  his  loss  to  the  scientific 
world  is  even  greater,  for  he  was  engaged  in  the  development  of 
properties  and  industries  of  which  his  knowledge  was  so  complete, 
and  for  which  he  had  done  so  much  that  it  will  be  impossible  to 
fill  his  place.  His  death  is  mourned  by  all  who  knew  him  or  who 
came  in  contact  with  him,  either  as  a  friend  or  as  a  citizen. 

Mr.  MacNaughton  was  elected  a  Member  of  the  American  So- 
ciety of  Civil  Engineers  on  May  5th,  1880. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


May  2d,  1906.— The  meeting  was  called  to  order  at  8.35  p.  M.; 
President  Frederic  P.  Stearns  in  the  chair;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also,  130  members  and  24  guests. 

The  minutes  of  the  meetings  of  April  4th  and  ISth,  1906,  were 
approved  as  printed  in  the  Proceedings  for  April,  1906. 

Stacy  B.  Opdyke,  Jr.,  M.  Am.  Soc.  C.  E.,  moved  that  the 
following  resolution  be  referred  to  the  Board  of  Direction  (Art. 
VI,  Sec.  12,  of  the  Constitution)  : 

"Resolved.  That  a  Special  Committee  be  appointed  to  collect 
such  information  as  may  be  obtainable  on  the  present  and  prospec- 
tive status  of  the  adoption  of  the  metric  system  in  the  United 
States,  and  to  collate  and  systematize  such  information  and  pro- 
mulgate it  to  the  Society  in  form  of  reports  from  time  to  time." 
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The  motion,  being  duly  seconded,  was  adopted  by  a  vote  of  more 
than  twenty-five  Corporate  Members. 

A  paper,  by  William  W.  Harts,  Ml  Am.  Soc.  C.  E.,  entitled 
"The  Control  of  Hydraulic  Mining  in  California  by  the  Federal 
Government,"  illustrated  with  lantern  slides,  was  read  by  the 
Assistant  Secretary.  The  Secretary  presented  correspondence  on 
the  paper  from  Messrs.  H.  H.  Wadsworth,  F.  Rifiie  and  J.  D. 
Galloway,  and  the  subject  was  discussed  orally  by  Eichard  Lamb, 
M.  Am.  Soc.  C.  E. 

Ballots  for  membership  were  canvassed,  and  the  following 
candidates  elected: 

As  Members. 

Paul  Goodwin  Brown^  New  York  City. 

James  Francis  Cullen,  Havre  de  Grace,  Md. 

John  Henry  Dockweiler,  San  Francisco,  Cal. 

Chauncey  Eldridge,  Boston,  Mass. 

ISTorman  MacPherson  Hench,  Pittsburg,  Pa. 

Horace  Longuet  Higgins,  Manila,  Philippine  Islands. 

Albert  Harrison  Hogeland^  St.  Paul,  Minn. 

Daniel   Webster   McMorris,   Corregidor   Island,   Philippine 
Islands. 

Charles  Fillmore  Mebus,  Philadelphia,  Pa. 

Eugene  Francis  Musson,  Norwich,  N.  Y. 

Walter  Howard  Sawyer,  Lewiston,  Me. 

Charles  Herbert  Vaughan,  New  Brighton,  Pa. 

Luther  Wagoner^  San  Francisco,  Cal. 

As  Associate  Members. 
Warren  Martin  Archibald,  Nashville,   Tenn. 
WiLFORD  Willis  DeBerard,  Harrisburg,  Pa. 
Louis  Harvey  Ehrbar,  New  York  City. 
Albert  Preston  Greensfelder,  St.  Louis,  Mo. 
Edward  Creswell  Heald,  Washington,  D.  C. 
Oskar  Augustus  Johannsen,  Ithaca,  N.  Y. 
Masayoshi  Kabashima,  Kansas  City,  Mo. 
George  Smith  Green  Lewis,  New  York  City. 
Washington  Irving  Lex,  Pencoyd,  Pa. 
Herbert  Prescott  Linnell,  Cristobal,  Canal  Zone,  Panama. 
Armour  Cantrell  Polk,  New  Orleans,  La. 
Frank  Forrest  Sinks^  Chicago,  111. 
James  Bean  Wilson,  Chicago,  111. 
Joseph  Johnson  Yates^  Elizabeth,  N.  J. 

As  Associate. 
:  Robert  Hileman  Lee,  Kingston,  R.  I. 
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The   Secretary   announced: 

The  transfer  of  the  following  candidates,  by  the  Board  of 
Direction,  on  May  1st,  1906: 

From  Associate  Member  to  Member. 

Oscar  Francis  Bellows,  Albany,  N.  Y. 

Howard  Nicholas  Eavexson,  Gary,  W.  Va. 

Foster  Haven  Hilliard,  Memphis,  Tenn. 

WiLLL'VM  Stone  Johnson,  Boston,  Mass. 

Frederick  Thomas  Llewellyn,  New  York  City. 

San  ford  Eleazer  Thompson,  Newton  Highlands,  Mass. 

Edward  De  Voe  Tompkins,  New  York  City. 

The  election  of  the  following  candidates  by  the  Board  of 
Direction : 

As  Juniors. 
On  April  3d,  1906: 

Gouverneur  Cadwalader,  Philadelphia,  Pa. 
George  Noble  Copley.  Galveston,  Tex. 
Chester  Centennial  Fisher,  Rupert,  Idaho. 

On  May  1st.  1906: 

Frederick  Bayard  Barshell,  New  York  City. 

Max  John  Bartell,  San  Francisco,  Cal. 

Roy  Bullen,  Rupert,  Idaho. 

Louis  Chevalier,  Detroit,  Mich. 

Elihu  Cunyngham  Church,  New  York  City. 

Frank  Gillelen,  Los  Angeles,  Cal. 

Edward  Harold  Hopson,  Pawling,  N.  Y. 

John  Marvin  Peters,  Connellsville,  Pa. 

Frederick  Horace  Tibbetts,  San  Francisco,  Cal. 

Adoniram  Judson  Warlow,  Wilkes-Barre,  Pa. 

The  Secretary  read  a  letter  he  had  lately  received  from  Otto 
von  Geldern,  M.  Am.  Soc.  C.  E.,  Secretary  of  the  Technical  Society 
of  the  Pacific  Coast,  stating  that  the  great  need  of  the  engineers 
of  San  Francisco  was  drawing  instruments,  paper,  and  office  sup- 
plies. The  dealers  having  been  burned  out,  such  articles  could  not 
be  purchased,  and  even  if  they  could  be  secured  there  was  no  money 
to  pay  for  them. 

On  motion,  duly  seconded,  the  Secretary  was  authorized  to 
expend  a  sum,  not  to  exceed  .$1  000,  in  the  purchase  of  supplies  for 
the  prompt  relief  of  the  engineers  of  San  Francisco. 
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The  Secretary  announced  that  a  circular  will  soon  be  issued 
in  regard  to  the  arrangements  for  the  Annual  Convention  at  the 
Hotel  Frontenac,  Thousand  Islands,  on  June  26th  to  29th,  1906,  and 
that  the  following  topics  for  informal  discussion  have  been  chosen 
for  that  meeting: 

1. — What  is  the  best  Preparatory  Education  for  the  Civil  Engi- 
neering Profession  ? 

2, — Is  Technical  Training  the  Best  Education  for  Executive 
Work? 

3. — The  Protection  of  the  Intellectual  Property  of  Civil  Engi- 
neers. 

4. — The  Advance  in  Sewage  Disposal. 

5. — What  are  the  Best  Means  for  the  Prevention  of  Conflagra- 
tions in  Large  Cities? 

6.— The  Filtration  of  Water. 

Adjourned. 

May  i6th,  1906 — The  meeting  was  called  to  order  at  8.35  P.  M.; 
H.  F.  Dunham,  M.  Am.  Soc.  C.  E.,  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  156  members  and  64  guests. 

A  paper,  by  George  B.  Francis  and  W.  F.  Dennis,  Members,  Am, 
Soc.  C.  E.,  entitled  "The  Scranton  Tunnel  of  the  Lackawanna  and 
Wyoming  Valley  Railroad,"  was  presented  by  Mr.  Francis  and 
illustrated  with  lantern  slides. 

The  paper  was  discussed  by  Messrs.  F.  Lavis,  V.  H.  Hewes  and 
George  B.  Francis. 

The  Secretary  announced  that,  in  accordance  with  the  action  of 
the  Society  at  its  last  meeting,  he  had  purchased  and  forwarded  to 
the  Technical  Society  of  the  Pacific  Coast  $500  worth  of  drafting 
instruments  and  office  supplies  for  the  engineers  who  had  lost  every- 
thing in  the  disaster  at  San  Francisco.  He  also  read  letters  from 
members  in  San  Francisco  expressing  their  satisfaction  with  the 
action  of  the  Board  of  Direction  in  offering  to  replace  any  Society 
publications  lost  by  any  member  in  the  fire  at  very  small  cost. 

The  Secretary  announced  the  death  of  Charles  Louis  Spier, 
elected  Associate  May  3d,  1905 ;  died  May  7th,  1906. 

Adjourned 
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OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

May  ist,  i906-^Presi(l('iit  Stearns  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  Messrs.  Bissell,  Bowman,  Ellis, 
(lowen.  Knap,  Kuiehling,  Lewis,  Noble,  Schneider,  Sherrerd,  and 
Smith. 

The  Secretai'y  was  authorized  to  send  as  complete  a  set  of 
Transactions  as  possible  to  the  Technical  Society  of  the  Pacific 
Coast  to  replace  the  files  lost  by  fire. 

The  Secretary  was  authorized  to  furnish  to  any  member  who  has 
lost  his  vokmies  of  Transactions,  through  the  San  Francisco 
disaster,  duplicates  at  a  discount  of  75%  from  the  list  price. 

The  Secretary  was  directed  to  communicate  with  the  President 
of  the  San  Francisco  Association  of  Members  of  this  Society 
expressing  sympathy  with  our  members  in  San  Francisco,  and  ask- 
ing in  what  manner  the  Society  can  best  aid  engineers  in  that  city 
during  the  present  crisis. 

Applications  were  considered,  and  other  routine  business 
transacted. 

Seven  Associate  Members  were  transferred  to  the  grade  of 
Member,  and  ten  candidates  for  Junior  were  elected.* 

Adjourned. 

*  See  page  169. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  June  6th,  1906. — 8.30  p.  M. — A  re^lar  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper,  entitled  "Disposal  of  Municipal  Refuse,  and  Rub- 
bish Incineration,"  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  will  be 
presented  for  discussion. 

This  paper  is  printed  in  Proceedings  for  April,  1906. 

Wednesday,  September  5th,  1906 — 8.30  p.  m. — A  regular  busi- 
"ness  meeting  will  be  held.  Ballots  for  membership  will  be  can- 
vassed, and  a  paper,  entitled  "Concerning  the  Investigation  of  Over- 
loaded Bridges,"  by  Wilbur  J.  Watson,  M.  Am.  Soc.  C.  E.,  will  be 
presented  for  discussion. 

This  paper  is  printed  in  Proceedings  for  April,  1906. 

Wednesday,  September  19th,  1906 8.30  p.  M. — At  this  meeting 

?  paper,  entitled  "Street  Traffic  in  New  York  City,  1885  and  1904," 
by  Clifford  Richardson,  Assoc.  Am.  Soc.  C.  E.,  will  be  presented  for 
discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 


ANNUAL  CONVENTION. 

The  Thirty-eighth  Annual  Convention  of  the  Society  will  be  held 
at  The  Frontenac,  Thousand  Islands,  Frontenac,  IST.  Y.,  on  June 
26th  to  29th,  1906. 

The  general  arrangements  for  the  Convention  are  in  the  hands 
of  the  following  Committee: 

Charles  S.  Gowen, 
John  W.  Ellis,  Morris  R.  Sherrerd, 

J.  Waldo  Smith,  Chas.  Warren  Hunt. 


A  Circular  in  regard  to  the  Convention  has  already  been  issued. 
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PRIVILEGES    OF     ENGINEERING     SOCIETIES 

EXTENDED  TO    MEMBERS   OF  THE 
AMERICAN    SOCIETY  OF   CIVIL    ENGINEERS. 

Members  of  the  American  Society  of  Civil  Engineers  will  l)e  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of 
their  Reading  Rooms  and  at  all  meetings: 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Xewcastlt'-upon-Tyne,  England. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
P'ngland. 

American  Institute  of  Mining  Engineers,  i)0  John  Street,  New 
York  City. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Civil  Engineers'  Club  of  Cleveland,  1200  Scofield  Building,  Cleve- 
land. Ohio. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Philadelphia,  1122  Girard  Street,  Philadel- 
phia, Pa. 

Engineers'  Society  of  Western  Pennsylvania,  410  Penn  Avenue, 
Pittsburg,  Pa. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago, 
111. 

Louisiana  Engineering  Society,  604  Tulane-Newcomb  Building, 
New  Orleans,  La. 

Engineers'  Club  of  Central  Pennsylvania,  Corner,  Second  and 
Walnut  Streets,  Harrisburg,  Pa. 

Engineers'  and  Architects'  Club  of  Louisville,  Ky.,  303  Norton 
Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 

Teknisk  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Societe'  des  Ingenieurs  Civils  de  France,  19  Rue  Blanche,  Paris, 
France. 

Svenska  Teknologforenigen,  Brunkebergstorg  18,  Stockholm,  Swe- 
den. 

Institute  of  Marine  Engineers,  58  Romford  Road,  Stratford,  Lon- 
don, E.,  England. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Sachsischer  Ingenieur=  und  Architekten=  Verein,  Dresden,  Ger- 
many. 

Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portu- 
gal. 

Pacific  Northwest  Society  of  Engineers,  617-618  Pioneer 
Buildino;'.  Seattle,  Wash. 
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Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London, 
W.  C,  England. 

Memphis  Engineering  Society,  Memphis,  Tenn. 

Oesterreichischer  Ingenieur=  und  Architekten=Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

The  Junior  Institution  of  Engineers,  39  Victoria  Street,  West- 
minster, S.  W.,  London,  England. 

Institution  of  Engineers  of  the  River  Plate,  Buenos  Aires,  Ar- 
gentine Republic. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn, 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Nether- 
lands. 

SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost 
to  the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information 
on  special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases  it 
is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the 
cost  of  searches  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involv- 
ing search  through  periodical  literature,  is  desired. 


Affairs.]  ACCESSIONS    TO    THE    LIBRARY.  175 

ACCESSIONS  TO  THE  LIBRARY. 

From  Ajiril   9tli  to   May   Ttli,   1900. 
DONATIONS.* 
THE  CONQUEST  OF  ARID  AMERICA. 

By  William  E.  Smji;he.  New  and  Revised  Edition.  Cloth, 
8x5  in.,  illns.,  26  +  300  pp.  New  York,  The  Macmillan  Company, 
1905.     $1.50  net. 

The  preface  states  that  the  author  has  endeavored  to  show  the  peculiar 
environment  of  the  arid  region  and  the  influence  which  it  will  exert  on  the 
civilization  of  our  Western  land ;  the  lessons  to  be  learned  from  the  more 
notable  of  the  early  pioneer  settlements  in  Colorado,  Utah  and  California  ;  the 
natural  advantages  and  present  development  of  the  great  States  and  Territories 
between  the  Missouri  River  and  the  Pacific  Ocean  ;  the  beginning,  progress,  and 
triumph  of  the  National  irrigation  movement  and  the  work  of  the  corps  of 
young  men  organized  into  the  United  States  Reclamation  Service. 

The  book  is  intended  to  be  of  value  to  the  investor,  the  tourist,  the  econo- 
mist, the  legislator,  the  reader  of  history  and  travel,  and  those  interested  in 
American  resources  and  institutions  generally — but.  most  of  all,  the  author 
hopes  that  it  will  be  of  some  practical  use  to  men  and  women  who  are  looking 
for  homes  in  the  West.     There  is  an  index  of  ten  pages. 

VENTILATION  OF  BUILDINGS. 

By  William  G.  Snow  and  Thomas  Nolan.  Cloth,  6x4  in.,  83 
pp.    New  York,  D.  Van  Nostrand  Company,  1906.  50  cents. 

The  authors  have  tried  to  condense  the  statement  of  the  general  principles 
of  ventilation  and  of  their  application  to  different  kinds  of  buildings.  The 
details  of  the  mechanics  of  ventilation  have  been  purposely  omitted,  as  they 
are  discussed  in  another  volume  of  this  series.  It  is  hoped  that  the  book  may 
prove  useful,  not  only  as  a  popular  presentation  of  the  subject  for  the  general 
public,  but  also  as  a  suggestive  outline  in  architectural,  engineering  and  other 
schools,  in  connection  with  or  introductory  to  the  whole  subject  of  ventilation. 
The  Contents  are  divided  into  three  parts:  I. — General  Principles  of  Vent  lation  ; 
II. — Different  Systems  of  Ventilation;  III. — Ventilation  of  Different  K  nds  of 
Buildings.     There  is  no  index. 

YARDS  AND  TERMINALS  AND  THEIR  OPERATION. 

By  J.  A.  Droege.  Cloth,  9x6  in.,  illns.,  285  pp.  New  York, 
The  Railroad  Gazette,  1906.     $2.50. 

The  author  states  that  the  relative  importance  of  the  freight  terminals  of  a 
line  of  railroad  is  not  usually  understood,  and  the  attention  they  deserve  is  not 
always  given  them.  As  improved  terminals  result  in  a  more  prompt  and 
cheaper  handling  of  freight,  and  tend  to  a  more  .general  utilization  of  freight 
lines,  many  railroads  are  adding  to  or  remodeling  existing  yards.  The  newly 
constructed  or  "model"  yard  is  mainly  interesting,  therefore,  in  that  it  affords 
a  guide  for  the  revision,  extension  or  remodeling  of  the  old  yards.  The  first 
chapter  of  the  book  is  devoted  to  the  relative  importance  of  terminals  and  main 
lines  in  point  of  cost  of  operation  and  linear  feet  of  rail  used,  with  the  terminal 
problem  of  Greater  New  York  given  as  an  example.  In  the  Seconal  chapter,  the 
author  recommends  the  adoption  of  the  terms  and  definitions  relating  to  termi- 
nals and  yards  compiled  by  a  committee  of  the  American  Railway  Engineering 
and  Maintenance  of  Wav  Association.  In  the  chapters  on  the  designing  of  ter- 
minals, extracts  from  the  report  of  the  Committee  on  Yards  and  Terminals  of 
the  same  Association  are  taken  as  a  basis  of  discussion.  Several  chapters  of 
the  book  are  devoted  to  the  operation  and  operating  forces  of  terminals  and 
yards,  which  may  be  read  with  interest  by  railroad  men  generally.  The  instruc- 
tions as  to  the  rapid  handling  of  fast  freight  and  the  construction  and  location 
of  freight  houses  and  piers  are  s'iven  in  two  chapters.  The  book  is  illustrated 
with  line  cuts  and  hplf  tones.  The  Contents  are:  Relative  Importance  of  Ter- 
minals ;  Terms  and  Definitions  ;  General  Principles  of  Design  ;  Designing  Ter- 
minals :  Track  Details  :  Ash  Tracks  ;  Coaling  Plants  ;  Icing  Plants  :  Switching 
Methods;  Pole  Switching;  Summit  Switching:  Gravity  Switching;  Records; 
Management  and  Discinline  ;  The  Yardma«ter ;  Loading  Cars;  Making  Up 
Trains  :  Fast  Freight  ■  Freight  Houses  ;  Freight  Piers  ;  and  Coal  Piers.  There 
is  an   index  of  six   and  one-half  pages. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the 
publisher. 
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Gifts  have  also  been  received  from  the  following: 


Am.  Electrochemical  Soc.     1  bound  vol. 
Am.  Locomotive  Co.     4  pam. 
Am.  Soc.  of  Mech.  Engrs.     1  vol. 
Am.  Steel  &  Wire  Co.     4  pam. 
Baltimore,    Chesapeake   &   Atlantic  Ry. 

Co.     2  pam. 
Brit.    Fire    Prevention    Committee.      2 

pam. 
Brooklyn  Engrs.  Club.     1  bound  vol. 
Brooklyn  Public  Library.      1  vol. 
Byllesby,  H.  M.,  &  Co.     1  pam. 
Canada-Geol.    Survey.      3   pam. 
Case  School  of  Applied  Sci.     1  vol. 
Cay,    M.    D.      1   drawing. 
Cincinnati   Southern  Ry.   Co.      1   bound 

vol. 
Cleveland,    Cincinnati,    Chicago    &    St. 

Louis  Ry.   Co.      1   pam. 
Colo. -Agri.  Exper.  Station.     5  pam. 
Columbus,  Ohio-Highway  Dept.    1  pam. 
Fall      River,      Mass.-Watuppa      Water 

Board.     1  pam. 
Holyoke,  Mass. -City  Engr.      1   pam. 
Illinois   Univ. -Agri.  Exper.   Station.      2 

pam. 
Incorporated    Assoc,    of    Municipal    and 

County  Engrs.      1  bound  vol. 
India-Public    Works     Dept.       3     bound 

vol.,    2   vol. 
International       Assoc.       of      Municipal 

Electricians.      1   bound   vol. 
Jewell   Export  Filter   Co.      1   pam. 
Lake  Superior  Min.  Inst.     1  vol. 
Luster.   W.   H.      1  pam. 
Mass. -Met.   Park  Comm.      1   bound  vol. 
Merchants'  Assoc,  of  San  Francisco.    1 

pam. 
Met.  West  Side  Elev.  Ry.  Co.     1  pam. 
Mexican  Inter.  R.  R.  Co.      1  pam. 
Missouri-R.R.  and  Warehouse  Commrs. 

1   bound  vol. 
Municipal    Engrs.    of   the    City   of   New 

York.     1  pam. 
New    Bedford,    Mass. -Water    Board.      1 

pam. 


New  Jersey-State  Board  of  Health.      1 

bound  vol. 
New    York    City-Board    of    Health.      1 

pam. 
New  York  Central  &  Hudson  River  R. 

R.  Co.     1  pam. 
New   York   Chamber  of   Commerce.      1 

bound  vol. 
Ncu-    York-   City  Record.      1  bound  vol. 
Northampton,     Mass. -Board    of    Water 

Commrs.      1   pam. 
Oberlin    College.      1   pam. 
Ohio-Board  of  Health.     1  bound  vol. 
Pennsylvania  R.  R.   Co.     3  pam. 
Pittsburg  Filter  Mfg.  Co.     1  pam. 
Pratt  Institute  Free  Library.      1   pam. 
Rhode    Island-R.  R.   Commr.      1   bound 

vol. 
Robinson,   John.      1   bound  vol. 
Rose  Polytechnic  Inst.      1  vol. 
St.  Louis,  Mo. -Board  of  Public  Impvts. 

1  pam. 
Soc.  des  Ing.  Civlls  de  Prance.      1  vol. 
Stitt,   W.   T.      27   blue  prints. 
Thomas    S.    Clarkson    Memorial    School 

of  Tech.      1   pam. 
Tilden.  C.  J.     1  pam. 
U.  S.  Bureau  of  Standards.     1  pam. 
U.    S.    Bureau    of    Statistics.      1    bound 

vol. 
U.  S.  Geol.  Survey.     5  vol.,  2  pam. 
U.    S.    Interstate   Commerce   Comm.      2 

bound  vol. 
U.  S.  Isthmian  Catnal  Comm.     1  pam. 
U.  S.  Lake  Survey  Office.     1  map. 
TI.   S.   National  Museum.      2  bound  vol. 
TT.  S.  Senate.     1  pam. 
TT.  S.  War  Dept.     35  specif. 
Univ.  of  Pennsylvania.      1  pam. 
Wallace.  J.  F.     2  pam. 
West   Virginia-Geol.   Survey.      1   bound 

vol. 
Weston.   E.   B.      1   pam. 
Wilmington.     Del. -Park     Commrs.        1 

pam. 
Wyoming-Agri.  Exper.  Station.     1  pam. 


BY  PURCHASE. 

Elektrotechnik  in  Einzeldarstellungen,  Vols.  6=7.  Herausgegeben 
von  G.  Benisehke.     Bvaiinsclnveig,  Friedrich  Vieweg  unci  Sohn,  1905. 

Reports.  Permanent  International  Association  of  Navis:ation 
Congresses.  21  pam.  Brussels  Printing  Office  of  Public  Works 
(Co.  Ltd.),  1905. 


The  Nile  in  1904.  By  William  Willcocks.  London,  E.  &.  F.  X. 
Spoil.  Limited;  Xew  York,  Spon  &  Chand^erlain,  1904. 

National  Engineering  and  Trade  Lectures,  Vol.  II.  British  Prog- 
ress in  Pumps  and  Pumping  Engines.  By  Philip  E.  Bjorling.  Lon- 
don, Archibald  Constable  &  Co.,  Ltd.,  1905. 

National  Engineering  and  Trade  Lectures,  Vol.  III.  British  Prog- 
ress in  Gas  Works'  Plant  and  Machinery.  By  C.  E.  Brackenbury. 
London,  Archibald  Constable  &  Co.,  Ltd.,  1905. 
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The   Prevention   of    Senility    and    a   Sanitary    Outlook.    By   Sir 

Tames  Criclitou-Browue.     London,  Macniillan  &  Co.,   Limited;  New 
York,  The  Macmillan  Company,  1905. 

A  Text=Book  on  Gas,  Oil,  and  Air  Engines.  By  Bryan  Donkin. 
Fourth  Kdition,  Ueviscd  and  Lnlarm'd.  Tiondon,  Charles  Griffin  and 
Company,  Limited.  l'.H\'). 

Gasworks  Accounts  and  Management.  Bv  George  Helps.  J^on- 
don,  Tlie  Gas  World  Offices,  190;-). 

Hydraulique  Agricole  et  Urbaine.     Tar  G.  Becdimann.     Paris,  Ch. 

Berano-er,  190.-). 

Alternating  Currents,  Their  Theory,  Generation  and  Transforma- 
tion.    By  Alfred  Hay.     Xew  York,  D.  Van  Xostrand  Company,  190(3. 

Metallurgical  Calculations.  By  Joseph  W.  Richards.  Xew  York,, 
McGraw  Publishing  Company,  1906. 

SUMMARY  OF  ACCESSIONS. 

From  April  9th  to  May  7th,  1906. 

Donations  (including  5  duplicates   and  one  number 

completing  volume  of  periodical) 164 

By  purchase 32 

Total 196 
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MEMBERS. 


Date  of 
Membership. 

Bellows,  Oscar  Francis.     Asst.  Eugr.,  N.  Y.  ^  ^gg^^  ^  jy^^     4^  jgQi 

State  Barge  Canal,  Barge  Canal  Office,  V-jyj  -^  j'  -^^qq 

DeGraffBldg.,  Albany,  N.  Y ) 

Brown,  Paul  Goodwin.     461  Lexington  Ave.,  New  York 

City May     2 

Eavenson,   Howard  Nicholas.     Chf.  Engr.,  \  mm 

United   States  Coal  &  Coke  Co.,    Gary,  \^^^^-  ^*^'"' 

McDowell  Co.,  W.  Va )  ^-  ^""^^ 

Frosell,    Carl   Gtjstaf.     Engr.,  Am.  Bridge   Co.,  Pen- 

coyd,  Pa April    4 

Haring,  Alexander.  2305  Loring  PL ,  University  Heights, 

New  York  City April    4 

HuGGiNS,  William.     Care,  Wm.  Krug  &  Son,  42  Kua  S. 

Bento,  Sao  Paulo,  Brazil Feb.     7 

Johnson,  William  Stone.     Asst.  Engr.,  State  )  ,  ,,  , 

-r,       J    i,  TT     li^u   -r,  1  <n  tij.  4-    XT  Assoc.  M.  June    6 

Board  of  Health,  Koom  140,  State  House,  -   ^ 

T.     4.        T«T  M.  May     1 

Boston,  Mass -'  "^ 

LuiGGi,  LxJiGi.     81  Via  Vardegna,  Kome,  Italy Feb.      7 

Menden,  William  Stephen.     752  Westminster  Ed.  (Flat- 
bush),  Brooklyn,  N.  Y April    4 

Oliver,  Emery.     Div.  Engr.,  West.  Pac.  By.  Co.,  Oroville, 

Cal Mar.     7 

Boss,  Elmer  Wayland.     Asst.  Engr.,  Bridge  ^  Jun.  Mar.     5 

Dept.,  City  Engr.'s  Office,    Providence,  V  Assoc.  M.  June     1 

K.I )  M.  April    3 

Seltzer,  Harry  Kent.     Kes.  Engr.,  Waddell  ^  Jun.  Feb.     4 

&  Hedrick,   I.  &  G.  N.  E.   E.,   Bridge  •  Assoc.  M.  Jan.      2 

Keconstruction,  Austin,  Tex )  M.  April    3 

ijun.  Oct.      3 

Assoc  M.  June     1 

M.  Mar.     6 

Smith,  Walter  Mickle.     Const.  Engr.,  Ord-  )  Assoc.  M.  Oct.      2 

nance  Dept.,  U.  S.  A.,  Dover,  N.  J )  M.  April    3 

Thompson,  Sanford  Eleazer.     Cons.  Engr.,  j  Assoc.  M.  April    1 

Newton  Highlands,  Mass i  M.  May     1 

Tompkins,    Edward   De    Voe.     Cons.    Engr.  ] 

and  Mgr.,  New  York  Office,  Maine  Elec.  j  '^^^'  ^^^' 

Co.,    1  Madison  Ave.,    New   York  City  f  ^®^^^- ■^-  ^^-     ^ 
(Ees.,  372  Park  PI.,  Brooklyn,  N.  Y.). . .  .  j  ^-  ^^ 

Ward,  Thomas  Monroe.     Care,  Canton  Co.,  15  South  St., 

Baltimore,  Md Mar.     7,  1906 


1906 

1901 
1906 

1906 
1906 

1906 

1894 
1906 

1906 

1906 

1906 
1890 
1892 
1906 
1896 
1901 
1906 
1893 
1898 
1906 
1901 
1906 
1896 
1906 

1897 
1902 
1906 
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ASSOCIATE     MEMBERS. 

Date  of 
Membership. 

Allen,  John  Lee.     Dist.  Mgr.,  Genasco  Koofiug  Co.,  1139 

Stock  Exchange  Bldg.,  Chicago,  111 Nov.     1,  1905 

Barton,    Calvin  Lewis.     159  Madison  Ave.,  New  York 

City April    4,  1906 

Booz,   Horace  Corey.     663  Broad  St.  Station,  Philadel- 
phia, Pa April    4,  1906 

Clapp,  Wilfred  Atherton.     103  Sherman  St.,  Portland, 

Me April    4,  1906 

Gardiner,  John  Peden.     Engr.,  Guadalupe  Mine,  Inde, 

Dgo.,  Mexico Mar.     7,  1906 

Heald,  Edward  Creswell.     Chf.  Structural  \ 

Engr.,  Office  of  Superv'.  Areht.,  Treasury  i'^"'^-  ^^^-      '^'  ^^*^^ 

Dept.,  1720  N  St.,  Washington,  D.  C. .  .  .  )  ^^^^^«-  ^-     ^^^      2'  ^^^^ 

Henderson,    Adelbert    Andrew.     730    Franklin    Ave., 

Wilkinsburg,  Pa April    4,  1906 

Jewel,    Lindsey    Louin.     504    Jeannette    St.,    Wilkins- 
burg, Pa April    4,  1906 

JUDELL,    Adolph.     Chf.    Engr.,    Nevada    Northern   Ry., 

Toana,  Nev April 


KoLB,  Henry  Jacob.     Chf.  Draftsman,  Office  ^ 

of  Chf.  Engr.,  Brooklyn  Eapid  Transit  i '^"'^-  ^^^\      ^ 

System,  85  Clinton  St.,  Brooklyn,  N.  Y..  '  ^^soc.  M.  April  4 
LovELL,  Earl  Brink.  235  West  102d  St.,  New  York  City.  April  4 
Pawling,  George   Franklin.     1622   Real  Estate  Trust 

Bldg.,  Philadelphia,  Pa April    4 

Prentice,  William  Hendry,  Jr.     Asst.  Engr.,  M.  0.  & 

G.  E.  E.,  Muskogee,  Ind.  T April    4 

Priest,  Benson   Bulkeley.     Care,    Am.  Bridge   Co.,  42 

Broadway,  New  York  City April    4 

Sanford,  George  Otis.     Asst.  Engr.,  U.  S.  Reclamation 

Service,  Williston,  N.  Dak Mar.     7 

Sinks,    Frank   Forrest.     Vice-Pres.,  Condron   &   Sinks 

Co.,  1442  The  Monadnock,  Chicago,  111 May     2 

Smith,  Charles  Bailey.  1405  State  St.,  Boise,  Idaho.. .  Jan.  3 
Turner,  Henry  Chandlee.  11  Broadway,  New  York  City.  April  4 
Wagner,    Fred  J.     Asst.  Engr.,    Dept.   of  N.    Y.    State 

Engr.,  Sylvan  Beach,  Oneida  Co.,  N.  Y April    4 

Wilhelm,  Jerome  Frederick.     Asst.  Engr.,  , 

Mo.  Pac.  Ry.,  Lock  Box  181,  Paragould,  ]-'^^^-  ^'"^^^      ^ 

^^.■^  \  Assoc.  M.     Mar.     7 

Wood,  George  Roy.     Cons.   Elec.   Engr.,   Fulton  Bldg., 

Pittsburg,  Pa April    4 

Yates,  Joseph  Johnson.     941|  South  St.,  Elizabeth,  N.  J.     May      2 


1906 

1903 
1906 

1906 

1906 

1906 

1906 

1906 

1906 
1906 
1906 

1906 

1900 
1906 

1906 
1906 
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JUNIOKS. 

Date  of 
Membership. 

Caldwell,  Feed  Edwakd.     Newton,  N.  J April    3,  1906 

Chukch,  Elihu  Cunyngham.    4  East  130th  St.,  New  York 

City May      1,1906 

Copley,    Geokge   Noble.     306   Trust   Bldg.,  Galveston, 

Tex April     3,  1906 

Ckow,  Edward.     Harbour  Board  Office,  Lyttelton,  New 

Zealand Oct.      8,  1905 

Day,  William  Peyton.     144  Sanchez  St.,  San  Francisco, 

Cal Mar.     6,1906 

FiSHEE,  Chestee  Centennial.  IT.  S.  Keclamation  Service, 

Eupert,  Idaho April    3,  1906 

Feyee,  Heney  LeEoy.  Aleda  Apartments,  Trenton,  N.  J.  April  3,  1906 
GiBBS,  Elbert  Allan.  302  Mitchell  St.,  Ithaca,  N.  Y.. .  Mar.  6,  1906 
HuBEE,  Walter  Leeoy.     2120  Kittredge   St.,   Berkeley, 

Cal April     3,  1906 

Shipman,    Charley    Evans.      Care,    IT.    S.    Eeclamation 

Service,  Billings,  Mont April    3,  1906 

SoTJLE,  Edward  Lee.     G08  Crossley  Bldg.,  San  Francisco, 

Cal April    3,  1906 


DEATHS. 

Spier,  Charles  Lotjis.     Elected  Associate,  May  3d,  1905  ;  died  May  7th, 
1906. 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 
INTEREST. 

(April  Sth  to  May  5th,  1906.) 

Note. — Thi^  list  is  published  for  the  purpose  of  placing  before  the 
memhers  of  the  Society,  the  titles  of  current  engineering  articles, 
which  can  he  referred  to  in  any  available  engineering  library,  or  can 
be  procured  by  addressing  the  publication  directly,  the  address  and 
price  being  given  wherever  possible. 


LIST  OF  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  num- 
ber prefixed  to  each  journal  in  this  list. 


(1)  Journal,    Assoc.    Eng.    Soc,    257         (27) 

South  Fourth  St.,  Philadelphia, 

Pa.,  30c.  (28) 

(2)  Proceeclinas.      Engrs.      Club      of 

Phila.,   1122  Girard  St.,  Phila-         (29) 
delphia.  Pa. 

(3)  Journal,  Franklin  Inst.,  Philadel-        (30) 

phia,  Pa.,  50c. 

(4)  Jo»?/!a/,  Western   Soc.    of  Engrs.,        (31) 

Monadnock  Block,  Chicago,  111. 

(5)  Transactions,    Can.     Soc.     C.    E., 

Montreal,   Que.,   Canada.  (32) 

(6)  School    of    Mines    Quarterly,    Co- 

lumbia Univ.,   New  York   City, 

50c.  (33) 

(7)  Technology  Quarterly,  Mass.  Inst.        (34) 

Tech.,   Boston,   Mass.,   75c. 

(8)  Stevens   Institute   Indicator,   Ste-         (35) 

vans  Inst.,  Hoboken,  N.  J.,  50c. 

(9)  Engineering  Magazine,  New  York        (36) 

City,   25c. 

(10)  Cassier's    Magazine,     New    York        (37) 

City,   25c. 

(11)  Engineering      (London),     W.     H.        (38) 

Wiley,  New  York  City,  25c. 

(12)  The    Engineer     (London),    Inter- 

national   News   Co.,    New  York        (39) 
City,  35c. 

(13)  Engineering     Netvs,     New     York        (40) 

City,    15c.  (41) 

(14)  The    Enpineering    Record,     New 

York  City,  12c.  (42) 

(15)  Railroad  Gazette,  New  York  City, 

10c.  (43) 

(16)  Engineering  and  Mining  Journal, 

New  York  City,  15c.  (44) 

(17)  Street     Railway     Journal.     New 

York     City.       Issues     for     first 
Saturday   of  each   month   20c.,        (45) 
other    issues    10c. 

(18)  Railway     and     Engineering     Re-        (46) 

vieio,  Chicago,  111.,  10c. 

(19)  Scientific    American    Supplement,        (47) 

New  York  City,  10c. 

(20)  Iron  Age,  New  York  City,  10c.  (48) 

(21)  Railway  Engineer,  London,  Eng- 

land,  25c.  (49) 

(22)  Iro7i    and    Coal    Trades    Review, 

London,   England,   25c.  (50) 

(23)  Bulletin,  American  Iron  and  Steel 

Assoc,   Philadelphia,   Pa.  (51) 

(24)  American     Gas     Light     Journal, 

New   York   City,    10c.  (52) 

(25)  American    Enqineer,    New    York 

City,  20c.     '  (53) 

(26)  Electrical  Review,  London,   Eng- 

land. 


Electrical  Vi'orld  and  Engineer, 
New  York  City,   10c. 

Journal,  New  England  Water- 
Works  Assoc,   Boston.  $1. 

Journal,  Society  of  Arts,  Lon- 
don,   England,    15c. 

Annales  des  Travaux  Publics  de 
Belgique,   Brussels,  Belgium. 

Annates  de  I'Assoc.  des  Ing. 
Sortis  des  Ecoles  Speciales  de 
Gand,  Brussels,  Belgium. 

Memoires  et  Coinpte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de 
France,   Paris,  France. 

Le  Genie  Civil,  Paris,  France. 

Portefeuille  Economique  des  Ma- 
chines, Paris,  France. 

Nouvelles  Annales  de  la  Con- 
struction, Paris,  France. 

La  Revue  Technique,  Paris, 
France. 

Revue  de  Mecanique,  Paris, 
France. 

Revue  Generate  des  Chemins  de 
Per  et  des  Tramways,  Paris, 
France. 

Railway  Master  Mechanic,  Chi- 
cago,  111.,  10c. 

Railtoay  Age,  Chicago,  111.,  10c. 

Modern  Machinery,  Chicago,  UL, 
10c. 

Proceedings,  Am.  Inst.  Elec. 
Engrs.,  New  York  City,  50c. 

Annales  des  Ponts  et  Chaussees, 
Paris,  France. 

Journal,  Military  Service  Insti- 
tution, Governor's  Island,  New 
York  Harbor,  50c. 

Mines  and  Minerals,  Scranton, 
Pa.,  20c. 

Scientific  American,  New  York 
City,   8c. 

Mechanical  Engineer,  Manches- 
ter, England. 

Zeitschrift,  Verein  Deutscher  In- 
genieure,   Berlin,   Germany. 

Zeitschrift  filr  Bauwesen,  Berlin, 
Germany. 

Stahl  und  Eisen,  Dusseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin, 
Germany. 

Rigasche  Industrie-Zeitung,  Riga, 
Russia. 

Zeitschrift,  Oesterreichischer  In- 
genieur  und  Architekten  Ver- 
ein, Vienna,  Austria. 
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(54)  Transactions,    Am.    Soc.     C.    E.,  (68)    Minina    Journal,    London,    Eng- 

New  York  City,  $5.  land. 

(55)  Transactions,    Am.    Soc.    M.    E.,  (70)    Engineering    Review,    New    York 

New   York   City,   $10.  City,  10c. 

(56)  Trayisactions.      Am.      Inst.      Min.  (71)   Journal,     Iron     and     Steel     Inst., 

Engrs.,  New  York  City,  $5.  London,  England. 

(57)  Colliery  Chiardian,  London,  Eng-  (72)    Street  Railway  Review,  Chicago, 

land.  30c. 

(58)  Proceedings,    Eng.    Soc.    "W.    Pa.,  (73)    Electrician,      London,      England, 

410  Penn  Ave.,  Pittsburg,  Pa.,  18c. 

50c.  (74)    Transactions,    Inst,    of    Mm.    ana 

(59)  Transactions,     Mining     Inst,     of  Metal.,   London,   England. 

Scotland,     London     and     New-  (75)    Proceedings,       Inst.       of       Mech. 

castle-upon-Tyne,  England.  Engrs.,  London,  England. 

(60)  Municipal    Engineering,     Indian-  (76)    Brick,   Chicago,   10c. 

apolis,   Ind.,   25c.  (77)    Journal,  Inst.  Elec.  Engrs.,  Lon- 

(61)  Proceedings,     Western     Railway  .       don,  England. 

Club,    225    Dearborn    St.,    Chi-  (78)    Beton    und    Eisen,    Vienna,    Aus- 

cago,  111..  25c.  tria. 

(62)  American  Manufacturer  and  Iron  (79)    Forschcrarbeiten,    Vienna,     Aus- 

World,  59  Ninth  St.,  Pittsburg,  tria. 

Pa.  (80)    Tonindustrie-Zeitung,BeT\in,GeT- 

(63)  Minutes  of  Proceedings,  Inst.   C.  many. 

E.,  London,  England.  (81)    Zeitschrift    fiir    Architektur    und 

(64)  Power,  New  York  City,   20c.  Ingenieurwesen,         Wiesbaden, 

(65)  Official    Proceedings,    New    York  Germany. 

Railroad  Club,  Brooklyn,  N.  Y.,  (82)    Dinglers     Polytechnisches     Jour- 

15c.  nal,  Berlin,  Germany. 

(66)  Journal  of  Gas  Lighting,  London,  (83)    Progressive  Age,  New  York  City, 

England,   15c.  15c. 

(67)  Cement    and    Engineering    News, 

Chicago,   111.,   25c. 


LIST  OF  ARTICLES. 
Bridge. 

Bridges.     Willis  Whited.      (58)      Apr. 

A  Flat  Span  Reinforced  Concrete  Bridge  at  Memphis.*      (14)      Apr.  7. 

Rebuilding  the  Rondout  Viaduct.*      (14)      Apr.   7. 

The   Distribution   of   Loads   on    Stringers   of  Highway   Bridges   Carrying   Electric 

Cars.     F.  P.  McKibben,   M.  Am.   Soc.  C.  E.      (13)      Apr.   12. 
Reinforced  Concrete  Bridges  on  the  Chicago  &  Eastern   Illinois.*      (15)      Apr.  13. 
Curves  for  Reinforced  Arches.     Daniel  B.  Luten.      (14)      Apr.  14. 
Steel  Piling   Cofferdams  for  Bridge  Piers.*      (14)      Apr.   21. 
The  Pennsylvania  Railroad  Bridge  at  Havre  de  Grace.*      (14)      Apr.   28. 
The   Surface   Finish   of   Concrete    Bridge   Masonry.*      George    S.    Webster.       (14) 

Apr.   28. 
A    "Double-Drum"    Reinforced    Concrete    Arch    Highway    Bridge.*       Daniel    B. 

Luten.      (13)      May  3. 
Die   Illerbriicken   bei   Kempten    im   Allgau.*      D.    Colberg.       (From   a   Paper   read 

before  the   Deutscher  Beton  Verein.)       (51)      Serial  beginning  Apr.   21. 

Electrical. 

Some  Notes  on  Wires.     Thomas  Carter.      (26)      Mar.  30. 

Recent  Extensions  at  the  Manchester  Electricity  Works.*  (73)  Serial  begin- 
ning Mar.   30. 

Portable  Electric  Tools  and  Their  Industrial  Application.  Andrew  Stewart. 
(73)      Mar.  30. 

Standardizing  Rubber-Covered  Wires  and   Cables.     John  Langan.      (42)      Apr. 

Comments  on  Present  Underground  Cable  Practice.  Wallace  S.  Clark.  (42) 
Apr. 

Notes  on  Design  of  Hydro-electric  Power  Stations  (With  Reference  to  the  Influ- 
ence of  Load  Factor).*      David  B.  Rushmore.      (42)      Apr. 

The  Relation  of  Load-Factor  to  the  Evaluation  of  Hydro-electric  Plants.  S.  B. 
Storer.      (42)      Apr. 

Electric  Motors  for  Driving  Machine  Tools.      (21)      Serial  beginning  Apr. 

The  Pennsylvania  Railroad's  Extension  to  New  York  and  Long  Island :  Some 
Details  of  the  Long  Island  City  Power  Station.*  (14)  Apr.  7;  (40)  Apr. 
6;      (18)    serial  beginning  Apr.   14;    (72)    Apr.;    (25)    May. 

The  Nassau   (L.  I.)    Light  and  Power  Company.*      (27)      Apr.  7. 

The  Wiring  and  Maintenance  of  Shunt  and  Compound-Wound  Motors.  William 
Kavanagh.      (27)      Apr.    7. 

An  Example  of  House  Lighting  Design.*  J.  R.  Cravath  and  V.  R.  Lansingh. 
(27)      Apr.   7. 

A  Portable  Selenium  Photometer  for  Incandescent  Lamps.*  Theo.  Torda.  (73) 
Apr.  13. 

*  Illustrated. 
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Electrical— (Continued). 

Electrical    Equipment    of   Wanamaker's    Philadelphia   Store.*       (27)      Apr.    14. 

The  New  Liglitiiig  and  Power  Station  at  Glenwood.*      (14)      Apr.   14. 

Rates  for  Electric  Current   in  Chicago.      (Report  to  the  Chicago  City  Council  by 

B.   J.   Arnold  and  Wm.  Carroll.)       (14)      Apr.   14. 
Method  of  Design  for  Magnet  Windings.     F.  Albert  Willard.      (27)      Apr.  21. 
Hydro-Electric  Development  in  the  Adirondacks.*      (27)      Apr.  21. 
Speed    Characteristics    and   the    Control   of    Electric    Motors.*      Charles   P.    Scott. 

(9)      May. 
Installation   and  Maintenance  of  a   Small   Electric  Light  Plant.*      (64)      May. 
Usine    Elevatoire  de   Messein   pour   I'Alimentation   de  la   Vllle   de   Nancy  en   Eau 

Filtree.*      Mauduit.       l33)      Mar.    31. 
Der  Blitzschutz  von  Eisenbetonbauten.     A.  Kleinlogel.      (78)      Apr. 
Vereinigte    Schaltung    und    Bedienung    von    Betriebsmaschinen    in    Elektrischen 

Zentralen.*      Karl  Wertenson.      (48)      Apr.   14. 

Marine. 

On    Vessels    Constructed    for    Service    in    Our    Colonies    and    Protectorates.*      Sir 

Edward   J.   Reed.       (Paper   read   before   the    Inst,    of   Naval    Archts.)       (11) 

Apr.   6. 
Gas  Engines  for  Ship-Propulsion.*      J.  E.   Thornycroft.      (Paper  read   before  the 

Inst,  of  Naval  Archts.)    (11)   Apr.  13;    (12)    Apr.  20. 
The  Overhead  Wire  Cablewav  applied  to  Shipbuilding.      J.  L.  Twaddell.      (Paper 

read  before  the  Inst,  of  Naval  Archts.)      (11)   Apr.  13;    (22)    Apr.  13. 
The    Introduction   of   Cranes    in    Shipyards.*      Alexander    Murray.       (Paper    read 

before  the  Inst,  of  Naval  Archts.)       (11)   Apr.   13;    (47)    Apr.   14. 
The    Efficiency   of    Surface    Condensers.      R.    L.    Weighton.       (Paper    read    before 

the   Inst,   of   Naval   Archts.)       (11)      Serial    beginning  Apr.    13. 
French   Armoured   Cruiser  Ernest  Kenan.      (12)      Apr.  20. 
High-Speed    Motor-Boats.*      James   A.    Smith.      (Paper   read   before   the   Inst,    of 

Naval   Archts.)       (11)      Apr.   20. 
Le    Paquebot    La    Provence    de    la    Compagnie    Generale    Transatlantique.*       A. 

Dumas.      (33)      Serial  beginning  Apr.  7. 
Die  Turmdeckdampfer  Queda  und  Wellington.*     W.  Kaemmerer.      (48)      Mar.  31. 

Mechanical. 

Cement   and   Hydraulic   Limes.    Manufacture,    Properties   and   Use.*      E.   Candlot. 

(67)      Serial  beginning  Mar. 
Coal    Conservation.    Power    Transmission    and    Smoke    Prevention.       Arthur    J. 

Martin,   M.   Inst.   C.   E.      (29)      Mar.   30. 
An  Improved  Briquette-Making  Machine.*      (12)      Mar.  30. 
Endless  Wire-Rope  Drives.     William  Hewitt.      (8)      Apr. 
Test  of  De  Laval   Steam-Turbine.*      (8)      Apr. 
Applications    of    Gas    Engineering    to    the    Brick    Industry.      S.    S.    Wyer.       (76) 

Serial  beginning  Apr. 
The    Pennsylvania    Railroad's   Extension    to   New   York    and    Long   Island:    Some 

Details  of  the  Long  Island   City   Power   Station.*      (14)    Apr.   7;    (40)    Apr. 

6;      (18)   serial  beginning  Apr.  14:    (72)   Apr.:    (25)    May. 
The    New    Kiln    Firing   Process    at    the    Lawrence    Cement    Co.'s    Siegfried    Mill.* 

(14)      Apr.    7. 
Vertical    Retort    Settings.      E.    Kortlng.       (Abstract    translation    of    paper    read 

before  the   Brandenburg  Assoc,  of  Gas  and   Water  Engrs.)      (66)    Apr.   10; 

(83)      May    1. 
Water-Gas  Plant  at  Trieste.*      (66)      Apr.  10. 
Allis-Chalmers  Extensions:  Additions  to  the  West  Allis  Works,  Milwaukee,  Wis.* 

(20)      Apr.   12. 
A  High-Pressure  Gas  Distribution  System.*      (13)      Apr.  12. 
Gas  Making  in  Vertical  Retorts.*      (12)      Apr.   13. 
Steam  Consumption  of  Winding  Engines.      (12)      Apr.  13. 
The   Present   and   Future   of   Power   Gas   Plants.*       (Paper   read   before   the    Eng. 

and  Sci.  Assoc,  of  Ireland.)       (66)      Apr.   17. 
Briquetting  of  Fuels   and   Minerals  :   Description   of  the  Zwoyer  Fuel   Company's 

Process  and  the  New  Jersey  Briquetting  Company's  Plant.*      G.  J.  Mashek. 

(20)      Apr.   19. 
The  Prevention  of  Smoke.     Albert  A.  Gary.      (14)      Apr.  21. 
The  New  Mechanical  Equipment  at  the  Joseph  Campbell  Factory,  Camden,  N.  J.* 

(14)      Apr.   21. 
The  Mechanical  Plant  of  the  Ford  Memorial  Building,  Boston.*      (14)      Apr.  28. 
8e     Exposition    Internationale    de    I'Automobile    du    Cycle    et    des    Sports.*       (36) 

Serial  beginning  Dec.  25. 
Les  Turbines   a  Gaz.*      L.   Sekutowiez.      (32)      Feb. 
Generalites  sur  les  Moteurs  et  Specialement  les  Turbines  a  Gaz.*     J.  Deschamps. 

(32)      Feb. 
Essais   du   Fover   et   de    la    Chaudiere   Marcel    Deprez    et   Verney.*      L.    Leeornu. 
(37)      Mar. 

•  Illustrated. 
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Mechanical— (Continued). 

Verbesserungen  im  Dampfkeaselbetrieb  durch  Vermehrten  Wasserumlauf.* 
(82)      Feb.    24. 

Die  Heissluftmaschine  mit  Grosser  Kompression.     R.  Wotruba.      (82)      Mar.   31. 

Die   Herstellung   von   Hydraulischem   Kalk   In   Frankreich.*       (80)      Mar.   31. 

Der  Generator  in  der  Zementindustrie.*      C.  Naske.      (48)      Apr.  7. 

Ueber  die  Formanderung  von  Drahtseilen.*  Hirscliland.  (82)  Serial  begin- 
ning Apr.   7. 

Antriebsarten  von  Walzenstrassen.  Franz  Gerkrath.  (Paper  read  before  the 
Sudwestdeutsch-Luxemburgische      Eisenhiitte.)  (50)         Serial      beginning 

Apr.   15. 

Metallurgfical. 

New  Developments  in  Dry  Air  Blast.*  A.  Steinbart.  (Paper  read  before  the 
Technische  Verein.)       (22)      Mar.   30. 

Smelting  Iron  Ore  by  Electricitv.  Eugene  Haanel.  (Address  before  the  Cana- 
dian  Club   of  Toronto.)       (62)      Apr.    26. 

The  Lungwitz  Process  of  Zinc  Smelting.  Fred  W.  Gordon.  (16)  Serial  begin- 
ning Apr.  28. 

Schwebetransporte  in  Berg-  und  Hiittenbetrieben.*  G.  Dieterich.  (50)  Serial 
beginning   Apr.    1. 

Ueber  die  Konstitution  des  Roheisens.*      P.  Goerens.      (50)      Apr.   1. 

Die  Berechnung  des  Hochofenproflls  und  Ihre  Grundlegenden  Werte.*  Bern- 
hard  Osann.  (Paper  read  before  the  Siidwestdeutsch-Luxemburgische 
Eisenhiitte.)      (50)      Apr.  15. 

Military. 

The  Pressure  of  Explosions.  J.  E.  Petavel.  (Abstracted  from  the  Philosophical 
Transactions  of  the  Royal   Society  of  London.)     (11)      Mar.   30. 

Mining. 

Over-winding  in  Hoisting  Operations.*      Robert  Peele.      (6)      Jan. 

The  Pressure  of  Explosions.     J.   E.  Petavel.      (Abstracted  from  the  Philosophical 

Transactions  of  the  Royal   Society  of  London.)       (11)      Mar.   30. 
Deep    Level    Shafts   on   the   Rand.*      Arthur   E.   Pettit.       (Paper   read   before    the 

Inst,   of   Mining   and    Metallurgy.)       (45)      Serial   beginning   Apr. 
Air  Hammer  Rock  Drills  :   A  new  Type   of  Drill  for  Mining  "Work.      E.  A.  Rix. 

(45)      Apr. 
Head-Frames :    Some    Notes    on    the    Principles   of    Construction.      W.    R.    Crane. 

(45)      Apr. 
Steam   Consumption  of  "Winding  Engines.      (12)      Apr.   13. 
Sinking  and  Tubbing  at  the  Methley  .lunction  Colliery.      Isaac  Hodges.      (Paper 

read  before  the  Midland  Counties  Inst,  of  Engrs.)      (57)      Apr.   20. 
The    Application    of    Direct    Cementation    in    Shaft-Sinking.      C.    Dinoire.       (Ab- 
stract   of    paper    read    before    the    Soclete   de    I'lndustrie    Minerale.)       (68) 

Apr.  21. 
Hydraulic  Dredging.*      F.  Danvers   Power.      (16)      Apr.   21. 

The  Honigmann  Method  of  Shaft  Sinking.*     Adolf  E.  Hartmann.      (16)      Apr.  21. 
Schwebetransporte  in   Berg-   und  Hiittenbetrieben.*      G.   Dieterich.      (50)      Serial 

beginning  Apr.   1. 

Miscellaneous. 

The  Commercial   Organisation  of  Engineering  Factories.     Henry  Spencer.      (12) 

Serial  beginning  Mar.  30. 
Classification  of  Engineering  Expenditures.     F.  H.  Newell.      (14)      Apr.  28. 
The  Metric  System  Fallacy.      (10)      May. 
The  Proposal  to  Force  the  Use  of  the  Metric  System.     H.  H.  Suplee.      (9)      May. 

Municipal. 

The    Cost    of    Brick   Pavement    in   Helena,    Mont.      Charles   "W.   Helmick.      (14) 

Apr.    7. 
Vitrified   Brick  for  Paving  Purposes.      (14)      Apr.  14. 
Ueber    den    Griechischen    Asphalt    und    Seine    Technische    Bedeutung.*       A.    Ch. 

"Vournasos.      (82)      Mar.  31. 

Railroad. 

Alternating    Current    Electric    Systems    for    "Heavy    Railway    Service.*       B.    G. 

Lamme.      (65)      Mar. 
The    Latest    Great    Northern    Engines.       Charles    Roua-Marten.       (12)        Serial 

beginning  Mar.   30. 
New  Atlantic-Type  Locomotives  :  London,  Brighton,   and  South  Coast  Railway.* 

(47)      Mar.  31. 
Some  Interesting  Results  of   Cast-"Welding  Rail   Joints.*       (72)      Apr. 

•  Illustrated. 
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Railroad— (Continued). 

East  Ham    New  Station;   London,   Tilbury   and   Southend   Railway.*      (21)      Apr. 

Southern  Pacific  Atlantic  Type  Locomotive.*      (40)      Apr.  6. 

New  Compound  Express  Locomotives  :  Midland  Railway.*      Chas.  S.  Lake.      (47) 

Apr.  7. 
The  Powell-Potter  System  of  Automatic  Control  of  Trains.      (18)      Apr.   7. 
The    Pennsylvania   Railroad's    Extension   to    New    York   and    Long    Island :    Some 

Details  of   the  Long   Island   City  Power  Station.*      (14)    Apr.   7;    (40)    Apr. 

6:    (18)      Serial  beginning  Apr.  14;    (72)   Apr.;    (25)    May. 
The    Work    of    Well-Drilling    Machines    on    the    Pennsylvania    R.    R.    Low-Grade 

Freight    Line.      W.    R.    Hulbert.       (13)      Apr.    12. 
Mallet  Compound  Duplex  Locomotives  for  the  Guayaquil  &  Quito  Railway.      (13) 

Apr.    12. 
Reinforced    Concrete    Work   at   the    New    Railway    Terminal    Station    at    Atlanta. 

Ga.*      (13)      Apr.  12. 
New  Shops  of  the  Missouri,  Kansas  &  Texas  Railway,  Parsons,   Kansas.*      (40) 

Apr.    13. 
Details  of  the  A.  C. — D.  C.  Locomotives  for  the  New  York,  New  Haven  &  Hart- 
ford Railroad.*      (15)      Apr.   13. 
Effects   of   a   Sleet    Storm   on    Different   Types   of   Third   Rail    Protection.*       (15) 

Apr.  13. 
Electric  Locomotive  for  the  New  York,  New  Haven  &  Hartford  Railroad.*      (27) 

Apr.    14  ;    (17)    Apr.   14. 
The    Watseka    Coal,    Ash    and    Water    Plant    of    the    Chicago    &    Eastern    Illinois 

R.   R.*       (14)      Apr.    14. 
First  Swedish   Superheater  Locomotive.*      Alfred  Gradenwitz.      (40)      Apr.  20. 
Electric  Traction   for  Trunk   Lines.      (15)      Serial   beginning  Apr.    20. 
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STREET    TRAFFIC    IN    NEW    YORK    CITY, 

1885    AND    1904. 


By  Clifford  Eichardson,  Assoc.  Am.  See.  C.  E. 
To  BE  Presented  September  19th,  1906. 


In  December,  1885,  Francis  V.  Greene,  M.  Am.  See.  C.  E.,  read 
a  paper  before  this  Society,  entitled  "An  Account  of  Some  Observa- 
tions of  Street  Traffic,"*  in  which  he  presented  certain  data,  in 
regard  to  ten  of  the  large  cities  of  the  United  States,  collected  in 
that  year  by  the  employees  of  the  Barber  Asphalt  Paving  Company. 
He  also  called  attention  to  the  desirability  of  having  traffic  measured 
systematically  at  frequent  intervals,  on  a  uniform  system,  in  the 
leading  cities  of  the  vporld,  for  comparative  purposes.  Since  that 
date  no  further  observations  have  been  made,  as  far  as  the  writer 
is  aware,  in  any  of  the  cities  considered  by  Captain  Greene,  either 
in  the  United  States  or  abroad,  with  the  exception  of  a  count,  made 
in  1896,  of  the  number  of  vehicles  traversing  Fifth  Avenue,  New 
York  City,  at  variovis  points,  before  the  removal  of  the  granite  block 
pavement  from  that  street. 

In  November  and  December,  1904,  additional  data  were  col- 
lected, at  the  writer's  suggestion,  by  employees  of  the  Barber  Asphalt 
Paving  Company,  on  ten  streets  in  New  York  City,  for  the  purpose 
of  determining  the  traffic  carried  by  a  number  of  representative 
streets  at  that  time.     The  results  of  this  count,  as  worked  out  by 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XV,  p.  123. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedinos.  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  In  Transactions. 
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employees  of  the  company,  were  presented  not  long  after  in  the 
engineering  journals  in  comparison  with  the  data  of  1885,  and  with 
data  for  Paris  and  London  cited  by  Captain  Greene.  The  weights 
attributed  to  the  vehicles,  by  those  working  up  these  data,  were  made 
tc  include  the  horse  or  horses,  but  this  was  not  done  in  calculating 
the  tonnage  in  Captain  Greene's  paper,  and  has  not  been  the 
practice  abroad.  It  seems,  therefore,  that  the  comparisons  made  at 
that  time  were  not  correct.  All  the  data  having  since  then  come 
into  the  writer's  possession,  it  has  seemed  worth  while  to  present 
them  here,  in  considerable  detail,  for  future  reference,  and  to  com- 
pare the  results  derived  from  them  with  those  obtained  by  Captain 
Greene,  when  calculated  on  the  basis  used  by  him  in  1885,  although 
they  have  also  been  worked  out  on  a  basis  which,  it  is  believed, 
represents  more  accurately  the  traffic  carried  by  the  streets  in  1904, 
The  data  were  collected  with  somewhat  greater  detail  in  1904  than 
in  1885,  as  is  shown  in  Table  1. 

The  observations  were  made  by  two  persons,  an  observer  and  a 
recorder  with  a  talley  sheet.  They  were  taken  on  two  days  (with 
the  exception  of  those  on  Fifth  Avenue,  which  occupied  three  days), 
from  windows  overlooking  the  various  streets.  They  covered  a 
period  of  eleven  hours,  from  7  A.  M.  to  6  p.  M.^  being  that  time  of  day 
in  which  the  principal  traffic  is  concentrated,  or  one  hour  less  than 
that  covered  in  1885. 

For  the  purpose  of  determining  the  tonnage  carried  by  the  vari- 
ous streets,  the  writer  has  assigned  the  following  weights  to  the 
different  classes  of  vehicles,  from  data  furnished  by  several  of  the 
most  prominent  carriage  and  truck  builders. 

Vehicle.  Weight. 

Cab    1 050  lb. 

Carriage   1 576  " 

Automobile,    electric 4  000  " 

Automobile,   gasoline 2  325  " 

Electric    truck 5  000  " 

One-horse  delivery  wagon 1  000  " 

Two-horse  delivery  wagon 1  500  " 

Omnibus  (Fifth  Ave.) 3  200  " 

Omnibus  (streets  other  than  Fifth  Ave.)  .  1  550  " 
Trucks,  1  to  8  tons 2  000  to  16  000" 
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On  this  basis,  the  total  tonnage  per  foot  of  width  of  street  has 
been  calculated,  excluding  the  width  of  car  tracks,  where  these 
exist,  because  the  main  traffic,  especially  on  asphalt,  is  confined  to 
that  portion  of  the  street  lying  between  the  tracks  and  the  curb. 
Q'his  information  is  given  in  Table  2. 

From  the  observations  of  1885,  Captain  Greene  divided  the 
traffic  into  only  three  classes :  light  weight  (less  than  1  ton) ; 
medium  weight  (between  1  and  3  tons) ;  and  heavy  weight  (more 
than  3  tons).  For  the  purpose  of  comparison  with  the  data  of  1885, 
the  observations  of  1904  have  also  been  calculated  on  this  basis, 
using,  however,  more  detailed  data  in  regard  to  vehicles  which 
weigh  more  than  3  tons,  as  those  of  6  and  7  tons  are  not  uncommon 
now  in  the  streets  of  New  York.  The  results  obtained  in  this  way 
are  presented  in  Table  3. 

Having  the  preceding  data,  a  comparison  of  the  traffic  of  1885 
with  that  of  1904  can  be  made  satisfactorily  only  on  Fifth  Avenue, 
the  other  points  of  observation  in  the  two  years  not  being  the  same. 
This  comparison  is  given  in  Table  4. 

It  appears  that  on  Fifth  Avenue,  5  460  vehicles  passed  the  Worth 
Monument  in  1885,  and  6  300  passed  over  the  granite  pavement  in 
1896;  whereas,  in  1904,  12  068  were  observed  between  Thirty-third 
and  Thirty-fourth  Streets,  an  increase  of  about  120  per  cent.  In  1885 
Captain  Greene  estimated  the  average  weight  per  vehicle  as  0.68  ton. 
In  1904,  according  to  the  weights  which  have  been  assumed  as 
correct,  the  average  weight  per  vehicle  was  0.82  ton,  or  0.83  ton 
on  Captain  Greene's  basis.  In  1885,  91%  of  the  vehicles  weighed 
less  than  1  ton,  while,  in  1904,  79%,  a  much  smaller  number,  were  of 
this  character.  The  traffic  on  this  street,  therefore,  while  still  com- 
posed largely  of  light  vehicles,  has  increased  to  an  enormous  extent 
in  eight  years,  and  the  average  weight  per  vehicle  to  a  very  con- 
siderable extent.  The  tonnage  per  foot  of  width,  on  Captain 
Greene's  basis  of  weight,  has  increased  from  94  to  251,  or  to  247 
on  the  writer's  basis. 

Reference  to  Table  2  shows  that,  with  the  exception  of  First 
Avenue,  at  Twenty-sixth  Street,  Fifth  Avenue  carries  the  heaviest 
traffic  in  the  City  of  New  York,  although  this  traffic  is  composed 
of  the  largest  percentage  of  light-weight  vehicles.  This  fact,  how- 
ever, must  be  given   a  great  deal  of  consideration,  since  a  small 
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tonnage  of  heavy-weight  vehicles  will  undoubtedly  cause  a  greater 
deterioration  of  the  pavement  than  a  larger  traffic  of  lighter  ones. 

In  1885  the  traffic  on  Broadway,  near  Pine  Street,  amounted  to 
273  tons  per  ft.  of  width.  JSTo  enumeration  was  made  at  this  point 
in  1904,  but  at  the  two  points  where  the  count  was  made,  between 
Eighteenth  and  IVineteenth  Streets,  on  asphalt,  and  between  Frank- 
lin and  Leonard  Streets,  on  granite  block,  the  tonnage  only  reached 
107.2  in  the  one  case,  and  65.5  in  the  other.  These  figures  are  on 
the  Greene  basis  of  calculation,  which  includes  the  car  tracks  in 
the  width  of  the  street,  and  which  must  be  used  for  a  comparison  of 
1885  and  1904  data.  On  the  writer's  basis  of  calculation,  the  ton- 
nage at  these  two  points  amounts  to  169.8  and  96.9. 

These  figures  are  exceeded  by  those  for  First,  Fifth  and  Eighth 
Avenues,  and  for  Fourth  Street.  If  is  quite  surprising,  therefore,  to 
find  that  the  Broadway  traffic  is  not  a  heavy  one,  at  the  present  time, 
as  compared  with  that  of  several  other  streets  in  New  York,  while  it 
has,  very  possibly,  decreased  rather  than  increased  since  1885. 

It  is  an  interesting  fact  that  the  heaviest  traffic  which  has  been 
counted  in  New  York  is  on  First  Avenue,  at  Twenty-sixth  Street, 
find  that  it  is  largely  made  up  of  vehicles  of  a  heavy  class,  averaging 
2.18  tons  in  weight,  only  26%  being  of  less  than  1  ton.  It  is  also 
worthy  of  note  that  the  pavement  on  this  street  is  not  of  a  form 
of  construction  calculated  to  withstand  such  a  traffic,  as  it  is  not 
supported  by  a  hydraulic  concrete  base. 

For  the  purpose  of  comparing  the  traffic  on  the  streets  of  New 
York  with  that  upon  streets  in  London  and  Liverpool,  it  seems 
worth  while  to  present  here  certain  data  in  regard  to  the  latter, 
collected  by  Captain  Greene,  from  the  papers  of  Messrs.  Hayward, 
Deacon,  Howarth  and  Stayton.  This  information  is  given  in 
Table  6. 

It  appears  that  the  tonnage  per  foot  run  on  some  streets  in 
London  was  far  greater,  even  in  1873,  than  anything  found  in 
New  York,  reaching  412  on  King  William  Street,  a  street  of  the 
same  width  as  Fifth  Avenue,  where  the  vehicles  average  1.06  tons 
in  weight  and  16  484  in  number.  On  the  other  hand,  on  no  street 
in  London  was  the  average  weight  of  the  vehicles  as  great  as  that 
on  First  Avenue.  It  must  be  remembered,  however,  that  in  London 
there  is  an  enormous  number  of  omnibuses  which  are  not  found 
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on  New  York  streets,  for  instance,  of  the  10  776  vehicles  passing 
along  Piccadilly,  32%  are  of  this  description,  and  average  2  tons 
in  weight,  while  only  56%  are  cabs,  averaging  i  ton  each.  Notwith- 
standing this,  the  traffic  on  Fifth  Avenue  approaches  in  tonnage 
per  foot  run  that  on  Piccadilly  in  1873.  Unfortunately,  there  are  no 
data  available  for  the  latter  street  at  the  present  time.  The  traffic, 
no  doubt,  has  increased  largely. 

It  has  been  the  custom  on  the  Continent,  and,  in  some  cases,  in 
England,  to  classify  the  traffic  according  to  the  number  of  horses 
attached  to  the  vehicles,  or,  as  it  is  denoted  in  Paris,  by  the  number 
of  collars.  For  the  purpose  of  comparing  the  traffic  on  New  York 
streets  with  that  on  the  streets  of  Paris,  as  recorded  in  a  series  of 
observations  made  in  1881  and  1882,  the  New  York  data  have  been 
calculated  on  the  basis  of  the  number  of  collars  passing  the  different 
points,  and  this  is  shown  in  Table  5. 

For  comparison  with  these  figvires,  Table  7  shows  the  traffic  on 
prominent   streets   in   Paris. 

The  preceding  data  show  that  the  traffic  in  Paris  in  1881  and 
1882  was  very  much  greater  than  that  on  the  streets  carrying  the 
heaviest  traffic  in  New  York  City  at  the  present  time.  In  fact,  no 
traffic  has  been  counted  on  any  street  in  any  city  in  the  world 
which  can  equal  that  for  the  Rue  de  Rivoli  in  Paris  in  1881,  which 
at  that  time  was  nearly  three  times  as  great  as  that  on  Fifth 
Avenue  to-day,  the  width  of  the  two  streets  being  practically  the 
same.  As  in  the  case  of  some  of  the  London  streets,  the  great  ton- 
nage carried  by  this  street  is  to  be  attributed  to  the  large  number 
of  extraordinarily  heavy  omnibuses  which  traverse  it,  these  vehicles 
being  much  heavier  than  those  used  in  New  York  or  London,  and 
each  counting  for  three  collars.  If  to  each  collar  a  weight  of  0.5  is 
assigned,  the  tonnage  on  this  street  would  amount  to  534  per  ft. 
of  width,  which  is  nearly  double  that  on  Fifth  Avenue. 

As  has  been  said,  according  to  the  method  adopted  on  the  Con- 
tinent, in  England,  and  by  Captain  Greene  in  1885,  no  consideration 
was  given  to  the  weight  of  the  horses  in  calculating  traffic  to  which 
the  pavements  were  subjected  from  the  number  of  vehicles  enumer- 
ated. Mr.  W.  G.  Root,  District  Manager  of  the  Barber  Asphalt 
Paving  Company,  of  New  York  City,  in  working  out  the  data  which 
were  presented  in  the  engineering  journals  in  1905,  included  the 
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weight  of  the  animals  as  well  as  that  of  the  vehicles,  in  arriving  at 
a  conclusion  as  to  the  traffic  carried  by  the  various  streets.  On 
this  basis  he  obtained  the  results  given  in  Table  8. 

To  the  writer,  the  latter  method  of  statement,  if  the  estimate  of 
the  weight  of  the  vehicle  and  animal  is  correct,  seems  much  more 
desirable.  From  the  point  of  view  of  one  who  has  been  employed 
for  many  years  in  the  construction  of  pavements  and  in  observations 
as  to  the  causes  of  their  deterioration,  it  has  become  evident  that  the 
latter  is  due  much  more  to  the  impact  of  the  horses'  hoofs,  especially 
in  the  case  of  asphalt  pavements,  than  to  vehicles  rolling  quietly 
over  the  surface;  this,  of  course,  with  the  understanding  that  the 
base  supporting  the  pavement  is  sufficiently  rigid  to  do  so  satis- 
factorily and  prevent  vibration  in  the  wearing  surface. 

For  these  reasons  it  seems  desirable  to  consider  the  data  in 
Table  8  as  representing  the  true  traffic  on  the  various  streets  in 
regard  to  which  the  data  were  calculated,  and  to  suggest  that,  in 
any  observations  made  in  the  future,  due  consideration  should  be 
given  to  the  weight  of  the  animal  as  well  as  to  that  of  the  vehicle. 


388 


STREET  TRAFFIC. 


[Papers. 


COfOO5t.in3*>-[Ij00i-'W 

'^      <  ^^   <  fs>  9  ^ 


35  O  -! 

^  So 


COO  .'^■r 

S  CO 

735; 

p. 


®°05 

o:iO'«. 

^3  -^  r^ 

-    "■  D" 


?eg 


09  to  >C^  l(^  l(^ 

totni*>Ko. 


Width,  in  feet. 


►— 10 -*  to  CCl-"  «D 

«OQ000tO<igDrf4.'<lC7IGO 
OOOicD^-^iOTOStOtnOD 


OTO»05»*^*}050:U»tO-3 
00  tn  »^  CD  00  E  rfi.  rf^  Ul  CD 
io  »J  it^  Ui  OS  00  '-7  CD  '-I  "■(». 

CSo5to*..^00Q0aooatn 


-^c;TCoto-^65»^if^4^cn 

05-i0SO09O--t05t0-a 


O505CT*.»OOI0905OIl-' 
05  -I  _M  to  CD  _M  p  -3  tyi  CD 

CO  05  CD  ►-'  in  00  it.,  to  bo  cn 

05l-'05000500tOOCJ5lf» 


oosi^05tooocnooo<-* 


0505-3-^OQO*.Ci050 

UI  Vw  '00  Ife.  OS  ^  05  '-J  CO  CD 

l(^O00--}<J-300OS00t0 


>        Q0>-'O5O5" 

t  cnmos  H- toto 


_!  O  t-  i--  o  to  C  ►-'  p  o 
io  '-3  "<i  io  >-'  rf^  '*■  b  cj;  o 

004^-^»-^Oi*^tOasOCD 


Off 


oS 


o3 

B  I. 


og 


►_itO<lcO*JCD»JCS01^ 
O0UI*.tO-3»}^-CD-.3uO 


t_.H..t0*.t0OI>^~3O5CD 
tOWlf'-tO-J^ltOCSl-'OO 
UTC3SCSC0i-f^*^00O5^ 

»-^aocD^4^to»fc*05^jc;' 
►-i  OT  o  bo  **.  "0  05  bo  bo  o 


►JMi.il-iOi-'l-'-'iOO 

io  io  ut  'rf^  OD  <i  OS'  05  K.^  00 

0500-<!-J050-30500tO 


0-5 


I  05  00  to 
Jlt^OOit^ 


CiOCD*.-CDO 


l-n-iOOCDX^OOOJiOCD 


^r^. 


l-it-t0  4-*-iT:jIX005 

i-i  c  C-.  X'  *-  -C'  CO  ^  en  o 
cnoscoxcc  —  cocro-3 


1-1 1-1  t- to  Ki  ts  ^ 

cncoxtooicnooocoo 

00  -7  O  CD  -i  CO  ".J  «  00 

CO  '■-'  bo  b  CO  ►"■  CO  CO  '-3  io 


CD  5:        ED  j    -    J 


wsfs 

^  So 


W  <;"  15  t0O5 
--  „-J<5X*.05  03 


,-&  ^  CD  CO 


DO 

iocncc 
wo"' 

M  -^  ?  CB  CO  GO  ^ 
•    fb  °  '^  1^  «■  <» 


►-  OS 

CO  to  Q  *^  I-' >-' 
CO  CO  M  OS  CD  to  0»— 00  OS 

-itoi>.totococn~icntc> 


to  CO  Sic 


oi*o»o»Oife.i-'ao»}-ito 


C;<O^CO»C^t00504^C 


«2 


t-^H^^— tOCC0505CnOStO 
S  to  -}  CO  -J  CD  -.1  C5  CO  OS 

oocnrf^to.'j^*  —  cD*3X 


^►.1     K..toK->-.    1    One-horse 
osmoiQ-jooh^osi-'co         delivery 

cOUi,-^Q*.tOCOrfk.fc4^cO               njafmna 
CncDC0-S05CDt0cDi-'CO       1         W<igOIl^S. 

351 
1  381 
928 
402 
884 
243 
458 
444 
206 
148 

One-ton 
trucks. 

gSosCg^iS^i 

Carriages. 

S       Omnibuses. 

otooototococn>-' 0     I 

'   Two-horse 

*.-3*.Sooicn85S         delivery 
CD -3  o5  H^  to  OS  *^  to  to  to          wagons 

2- 
ton. 

323 
1  332 

720 
332 
589 
207 
548 
250 
169 
116 

en  CO  to  ui  0  ci  X  ij'  to  CO 

1^ 

■-'      "      toco 

1^ 

H 

S§2£2„£g£§g 

8v 

G 
0 

tot-      ostOJ^S         !      2c: 

tOOSO-Qi-'lOOOOOO       1        M' 

1-1                   -JCD 

OH-it^oscoxostoi— ot 

h 

0500*>.:CtOOSOCD(-'-J        1         P' 

Total 

Number  of 

vehicles. 


Papers.] 


STREET  TRAFFIC. 


389 


o 

2 

>< 

£ 

S 

$ 

— ■ — 

p 

SBtd 

Sw 

S'go 

t^;-^ 

5-^  ^ 

>e 

^  ^ 

-:    P.5» 

:    P 

VV^ 

<< 

«:?g 

5  » 

=-s& 

"SS 

MS 

sa 

CO 

^5-S 
S^^ 

Jo? 

r 

SJt:^^ 

:l 

o 

/I 

B* 

d 

P^ 

o 

a 

7J 

3 

D 

M,         ^ 

j^^^ 

»  «.-: 

oo 

»  D  a. 

B* 

>'C>> 

>o 

so  1 

^  p 

n-a  s- 

B-B 

I^F 

9»  S" 

o  toto 

it>.rfi 

o 

5 
B  f 

01014^ 

COM 

00 -J  M 

-S 

332 

2£ 

=\' 

B 

Si  1(^00 

M        " 

to 

o 

o:  osi— 

^^ 

-JOS<! 

MN) 

O  rr; 

& 
o 

i-lOCO 

«ooo 

-Jif^ 

=\° 

otcn*k 

^         M. 

^ 

Z 

SS^S 

„g 

o 

M 

o  < 

3  » 

,_^ 

H-^Ok**. 

to  to 

^ 

caoQo 

lo&oco 

or -I 

O 

O" 

ois>e» 

MO 

H 

o  *-»  to 

»}  aj 

o 

C5  10  ."? 

>t-Ol 

com 

H 

001-' 

01-' 

a^:? 

&; 

OM 

fS^B-J 

ce>u.<^ 

OC  O 

S 

H 

to        I-' 

to 

Its 

B-O  ~- 

_OCH-J 

iocifo 

bb 

B- 


o  4 
o 

M  "= 

OO  3 

O  £, 

'^  ^ 

o  3 


J  ^      <  ^ '  ^  (t  p  « 


KM  VtS 
_  *.Sio 

§  B-;5 


S>^c 


!  °  1  to 


a. 

§   Mrt-  CO 

^  go  a. 

°'£^^ 
S"  2 

a*'     B 
B^.    a> 


K 


■MtOM 

00  >^  o:  M 
g3?&B'^ 

B-'gi^i^S 
^  3  ct-<r^^a) 


w  d 


to  1^  to  03  to  M  to 

•^  at  oo  1^  oo  to  m 


fc£g 


Width,  in  feet. 


>-' to  i-i  to  M  k-i  «0 

«o5)aito-iooK-3iyTao 

COMcD^-JCJtMtOCJlOO 


OlC;TM*.-<IM05CntO*^ 

Q0C7T<rcO004^4^««..C;icD 


ia:to«>i«>oooc'Xoc 


1-1        »-  — tOM  to 

Mlf».00lOO:  iXI-'>-'MM 

-j2nfoto-}M4».*..b.cn 

0>-JMOMO-}05tO-l 


MMCTiUtOC"MMO»  — 
OS  ;-J  to  to  O  pi  p  »i  _Ol  JO 

CD  M  b  *^—  b»  be  *rfi.  to  OD  zjy 

M^MOOWOCtOOOili- 


I! 


►-to         tOH-MOO" 
CO-qtsSh-itOCDOicDO'-^ 

C5Ct*».o;tocxwOQOi-i 


*>.  o  00 -J -« -J  ( 


.  p  M  p 

5  '-J  'm  b      ' 

30:00  to      I 


I-'        tOM        OOI-'OJMK; 


tO-<!-ltO'-'it».M     -s_- 
OC*..-?'— 05-^t00SOO 


ootomcnotcoQcc5i-*-co 
cw  m  OT  en  CT  CT  m  o  c?T  o 


osKJO*^*-ao4^0ioco 


ocotrf^c;TGoGo^aooTO 
o,  CO  "-Q  00  M  c;t  en  qc  *cd  CD 


So  ^ 


t^-^iOO;^OC:0'-^0 

mosccxwi-».ic:co-'i 

^-J  h-i  H-i  to  H^  tC  *^ 

ac'^oxi--i:C'  —  j<)00 

CDi-^QCOOi-'COCO-^tO 


390 


STREET   TRAFFIC. 


[Papers. 


II  II  " 

C  P  >■ 
2  C  o 

CMS 

as 


c  S 


crp>c/i 


-"  »  COP 


S»2 


<  '^  < 

<s  'y  a> 


CO  to  03 

kUO  CO 


J  « 


o  ^• 

•      P  • 

:  ^: 
•  ?  • 
.  p: 
■  "<  • 


02 


t9>(>'(OCCCO03M>^>C^>C 


I-"  to  I-' to  OS  M  00 
oiccootoiocatocc^oo 

Cn;DCOCDiOCO-Jl-'*.*». 


05o;ctoi-'7c;T05Ci*..o 
*»cntotoos-;!oo*»-iS-<i 

V.  «0  ***■  CD  CD  00  CD  -Q  CO  00 


C005*-tOQOfc^O-3a'aO 
tO.^CDCCfc^^lODCDCCtO 
CD  —  t0O't*-»t»-0105t**-CD 


cecowi^tscotscoi&co 

too—  tOCItf^OOl-'tOi-' 

to  05  05  bi  bo  TO  bo 'l— O  <! 


—      to      tO-J 

cooicocot— Sqo4^ooc;t 
^-OTcoos  —  oooioeDC;! 


co<^a:>(^o-^t9>^coo 

05  Clt  CO  OS  05  05  03  to  —  in 


H 
So 


—  — —  tococococnosto 

OtOOiOClOCO-J-iOQ 

■ J  CD -JOS  05  S 

i-^H-  CD-JOD 


—  to-} CO-  , 

oocn*».  to-j- 


i-'i-'toi*^*>.CTc;'aooos 

—  O'  0-.  *  <^  CD  CO  J-  OI  O 
OlOCOOOCOi— COCOO-J 


i-i  —  I— to  —  to  *. 

CT05a0t0*-CnO0C'05O 
00-^OcD-JCO  —  tOOO 

CD  —  bo  O  CD  —  CO  CO  '-J  to 


o 

o 

w 
w 

w 
w 

H 


^1 


o 
o 


Papers.] 


STREET  TRAFFIC. 


391 


TABLE  6. — Tr.\ffic  Records  ox  Certain  Streets  in  London  and 
Ln'ERPOOL,  1873  to  1884. 


City 

Street. 

Gracechurch  St 

King  AVilliam  St... 

The  Poultry 

Strand  and  Fleet  St. 

Parliament  St 

Oxford  St 

Cheapside 

Leaden  hall  St 

Piccadilly 

Euston   Road 

Brompton  Road... 
King  William  St... 
Edgeware  Road... 

Regent  St 

King's  Road 

Victoria  St 

Pavement. 

Total  num- 
ber of 
vehicles. 

Tonnage. 

Width, 
in  feet. 

Total. 

Per 
vehicle. 

Per 

foot  of 
width. 

London 

Asphalt 

Wood 

Asphalt 

Wood 

Macadam. . 

Wood 

Asphalt 

Macadam.. 
Granite.... 
Wood . .     . 

32 
40 
22 
37 
45 
.57 
32 
30 
37 
44 

12148 

15  513 
8167 

16  208 
14  306 
16  886 

9  419 
6  128 
10  776 
12132 

13  507 

16  484 

saw 

13  596 

14  380 

17  076 
9  260 
7  588 
9  358 

10  658 

1.11 
1.06 
1.02 
0.84 
1.01 
1.01 
0.98 
1.08 
0.87 
0.88 

423 
412 
.S78 
367 
323 
300 
290 
3=i3 
253 
242 
216 

;; 

Granite 

Macadam.. 
Wood 

32 
43 
52 

6  371 

8  212 
10  796 

6  506 

8  376 

9  668 

1.02 
1.02 
0.90 

303 
195 
186 
156 

" 

Macadam. . 
Wood 

40 

6  040 

5  780 

0.96 

145 

n 

Sloane  St 

93 

Liverpool. . 

Granite.. . . 

383 

232 

Great  Howard  St. . 
Bold  St 

Wood 

331 

" 

100 

TABLE  7.— Traffic  on  Streets  in  Paris,  France,  1881-1882, 
BY  Collars. 


Street. 

Width, 
in  feet. 

Number  of 
Collars. 

Collars,  per  foot 
of  width. 

Total  number 
of  vehi<;les. 

Avenue  de  I'Opera 

53.48 
39.36 
28.208 
45.92 
89.872 

36  185 
42  035 
19  672 
14  096 
14  082 

689.5 
1067.9 
697.4 
306.9 
156.7 

29  460 

Rue  de  Rivoli 

33  233 

Rue  Saint-Honore 

16  589 

Boulevard  Haussmann 

Avenue  des  Champs  Ely s6es 

12  638 
12  023 

TABLE  8. — Traffic  on  New  York  Streets,  1904,  7  a.  m.  to  6  p.  m.. 
Weight  of  Animals  included  with  Vehicles. 


street. 


5th  Ave.,     33d  to  34th  Sts 

1st  Ave.,       26th  to  27th  Sts 

8th  Ave.,      35th  to  36th  Sts 

Broadway,  18th  to  19th  Sts 

4th  St.,         Wooster  St.  to  West  Broadway 

Broadway,  Franklin  to  Leonard  Sts 

10th  Ave.,    22dto23d  Sts 

3d  St.,  Mercer  to  Greene  Sts 

2d  Ave.,       34th  to  35th  Sts 

34th  St ,       Broadway  to  7th  Ave 


Average 

tonnage  per 

vehicle. 


Average    ton- 
nage per  linear 
foot  of  width 
for  11  hours. 


481.85 
435.58 
296.03 
299.63 
289.18 
202.42 
227.45 
140.50 
117.86 
89.33 
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H.  De  C.  Richards  and  Stephen  E.  Kieffer.! 


worth. 


Mr^wads-  H.  H.  Wadsworth,  M.  Am.  Soc.  C.  E.  (by  letter). — Since  the 
publication  of  Captain  Harts'  paper  some  additional  data  have  been 
obtained  relative  to  the  hydraulics  of  the  Yuba  and  Bear  Rivers, 
and  the  movement  of  debris  by  them. 

The  construction  of  Barrier  No.  1  has  rendered  possible  a  fairly 
close  estimate  of  the  quantity  of  water  flowing  in  the  Yuba  River 
at  various  stages.  A  comparison  of  the  cross-section  of  this  dam 
with  those  of  several  forms  of  weirs,  the  coefficients  of  which  in 
the  usual  weir  formulas  have  been  determined  by  several  experi- 
menters, gives  an  approximate  value  for  its  coefficient.  During  the 
high  water  of  January,  1906,  the  depth  of  water  on  the  crest  of  the 
dam  was  5.3  ft.  at  the  north  end  and  6.0  ft.  at  the  south  end.  These 
depths  indicate  a  flow  of  about  70  000  cu.  ft.  per  sec,  a  determina- 
tion which  has  been  jroughly  checked  by  the  United  States  Geologi- 
cal Survey  at  a  measured  cross-section  near  Smartsville. 

During  the  flood  of  February,  1904,  said  to  be  the  greatest  for 
many  years,  the  gauge  height  at  The  Narrows,  about  6  miles  above 
the  barrier,  is  reported  to  have  been  4  ft.  higher  than  during  the 

*  This  discussion  (of  the  paper  by  William  W.  Harts,  M.  Am.  Soc.  C.  E;,  printed  in 
Proceeaings  tor  February,  1908),  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  for  further  discussion. 

t  Presented  at  the  meeting  of  the  San  Francisco  Association  of  Members,  Am.  Soc. 
C.  E.,  on  April  14th,  1906. 
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flood  of  January,  1906.     This  extra  depth  means  a  discharge  well  Mr.  Wads- 
up  toward  the  90  000  cu.  ft.  per  sec,  stated  by  the  author  to  be  the 
probable  maximum. 

On  the  Bear  River  no  recent  flood  discharge  measurements  have 
been  made,  but  an  extension  of  velocity  and  discharge  curves,  plotted 
from  observations  taken  by  the  U.  S.  Geological  Survey  for  several 
gauge  heights,  up  to  the  maximum  gauge  heights  observed,  in  con- 
nection with  measured  cross-sections,  show  that  the  assumed  maxi- 
mum flow  for  the  Bear  was  nearly  or  quite  reached  during  the 
flood  of  January,  1906. 

The  recent  survey  of  the  Bear  River  shows  that  conditions  there 
have  reached  a  state  of  comparative  equilibrium. 


DIAGRAM  SHOWING  THE  VARIATION  OF  FLOW  IN  THE  YUBA  RIVER 
DURING  THE  FLOOD  OF  JANUARY    1906. 
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The  form  of  the  banks  at  the  confluence  of  the  Bear  and  Feather 
Rivers  indicates  that  very  little  material  is  deposited  in  the  latter 
by  the  former,  and  up  stream,  near  Wheatland,  the  fact  that  alfalfa 
and  hop  fields  are  being  cultivated  between  the  levee  lines  shows 
that  no  great  progressive  damage  is  now  being  done  from  year 
to  year. 

On  the  Tuba,  however,  in  spite  of  the  fact  that  hydraulic  mining 
on  a  large  scale  was  stopped  more  than  twenty  years  ago,  there  is 
still  an  extensive  movement  of  the  mining  debris,  as  pointed  out 
by  the  author,  and  this  is  likely  to  continue  for  many  years.  The 
great  bulk  of  the  material  is  moved  during  the  few  days  of  extreme 
high  water  each  season.  During  the  flood  of  January,  1906,  the 
pool  formed  by  the  second  step  of  the  barrier  was  filled  to  the 
crest  of  the  dam,  at  the  center  of  its  length,  and  the  new  deposit, 
extending  up  stream  about  lA  miles,  measured  more  than  920  000 
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Mr.  Wads-  cu.  yd.     The  continuance  of  a  fairly  high  stage  of  the  river  since 
worth.      ^YiQ  flood  mentioned  has  filled  out  the  corners  and  increased  the 
deposit  to  more  than  1  000  000  cu.  yd. 

The  filling  in  behind  the  first  and  second  steps  of  the  dam  in 
such  a  short  time  is  roughly  confirmatory  of  the  results  of  the 
survey,  which  showed  a  fill  of  15  000  000  cu.  yd.  of  material  in  the 
stretch  of  river  bottom  between  Marysville  and  Barrier  No.  1  in  the 
five  years  between  1899  and  1904. 

The  diagram,  Fig.  4,  shows  approximately  the  variation  in  the 
flow  of  the  Yuba  during  a  portion  of  January.  This  shows  graphi- 
cally the  flashy  character  of  the  floods.  The  total  discharge  between 
8  A.  M.  on  January  12th  and  4  p.  M.  on  January  22d  was  approxi- 
mately 1 000  000  000  cu.  yd.  of  water.  During  this  period  was 
deposited  the  great  bulk  of  the  fill  above  the  dam,  which,  from  the 
foregoing  figures,  amounted  to  less  than  one-tenth  of  1%  of  the 
mass  of  water  by  which  it  was  transported.  In  addition  to  the 
material  pushed  along  the  bottom  by  the  flood  wave,  a  large  quantity, 
of  course,  was  carried  over  the  dam  in  suspension.  This  may  easily 
have  amounted  to  one-third  of  the  quantity  deposited  above  the  dam. 

During  the  present  season  a  spillway  of  sufficient  capacity  to 
carry  the  entire  flow  of  the  river  for  six  months  of  the  year  will 
be  built.  As  succeeding  steps  are  added  to  the  dam  the  spillway 
will  be  increased  until,  when  the  final  height  of  the  dam  has  been 
reached,  its  capacity  will  be  such  that  water  will  flow  over  the  crest 
of  the  dam  only  during  extremely  high  water. 

Besides  the  relief  which  this  spillway  will  afford  to  the  dam, 
its  value  as  an  accessory  in  the  construction  of  succeeding  steps 
will  be  very  great,  as  the  difficulties  of  turning  the  water  and  making 
the  closures  will  be  avoided. 
Mr.  Riffle.  Franklin  Eiffle,  M.  Am.  Soc.  C.  E.  (by  letter). — The  author 
has  properly  prefaced  his  excellent  description  of  the  methods  used 
to  control  hydraulic  mining  in  California  by  a  brief  historical 
review  of  this  important  industry.  This  feature  adds  materially  to 
the  value  and  interest  of  the  paper.  The  development  of  hydraulic 
mining  gave  rise  to  many  unique  engineering  problems  which  were 
boldly  attacked  and  admirably  solved  by  California  engineers,  whose 
achievements  are  but  slightly  known  to  civil  engineers  outside  of 
that  State.  It  is  much  to  be  regretted  that  an  industry  which  has 
contributed  so  largely  to  the  material  wealth,  not  only  of  California, 
but  of  the  entire  country — which  has  placed  in  the  hands  of  engi- 
neers hydraulic  data  of  incalculable  value — and  is  so  distinctively 
an  American  enterprise — is  not  mentioned  in  the  index  of  papers 
pubhshed  in  the  Transactions  of  this  Society.  It  is  greatly  to  be 
hoped  that  some  California  member,  familiar  with  the  history  of 
hydraulic  mining,  will  rise  to  the  occasion,  and  contribute  a  suit- 
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able  paper  on   this  subject  before  many   important  details  of  the  Mr.  Riffle, 
early  stages  of  the  industry  are  lost  to  the  engineering  profession. 

The  evolution  from  small  volumes  of  water,  low  pressures,  can- 
vas pipe,  and  crude,  improvised  nozzles,  to  large  volumes  of  water, 
high  pressures,  heavy  double-riveted  pipe  of  large  diameter,  and 
the  hydraulic  monitor  or  giant,  took  place  in  a  surprisingly  brief 
period,  and,  when  taken  in  connection  with  the  construction  of 
ditches,  flumes,  tunnels,  dams  and  reservoirs,  often  under  unpre- 
cedented conditions,  marks  an  important  epoch  in  engineering 
history  which  deserves  to  be  fittingly  commemorated  in  the  annals 
of  America's  leading  society  of  civil  engineers.  It  is  well  to 
remember  that  many  of  the  great  things  accomplished  by  the 
engineers  of  to-day  are  to  a  very  great  extent  the  direct  result  of 
the  experiments,  mistakes,  failures  and  successes  of  the  engineers 
of  yesterday.  And  so  in  California  the  engineers  who  were  engaged 
in  developing  the  industry  of  hydraulic  mining  more  than  a  quarter 
of  a  century  ago,  through  their  failures  and  successes,  have  prepared 
the  way  for  many  of  the  spectacular  achievements  of  the  hydraulic 
and  electrical  engineers  of  the  present  day. 

The  author's  statement  that  "the  industry  of  hydraulic  mining 
was  finally  completely  vanquished,"  although  evidently  intended 
to  apply  to  the  region  drained  by  the  Sacramento  and  San  Joaquin 
Rivers,  may  be  misleading  to  those  who  are  not  residents  of  Cali- 
fornia. Hydraulic  mining  in  California  has  never  been  prohibited 
by  statute,  although  the  decree  of  the  United  States  Circuit  Court 
which  perpetually  enjoined  and  restrained  the  North  Bloomfield 
Mining  Company  from  discharging  mining  debris  into  the  Yuba 
River  or  any  of  its  tributaries,  had  the  effect  of  closing  all  hydraulic 
mines,  the  operation  of  which  clearly  caused  injury  to  navigation 
or  private  property.  In  the  northern  part  of  the  State,  however, 
in  the  region  drained  by  the  Klamath  River,  hydraulic  mining  has 
been  prosecuted  without  any  interference  whatever.  Section  1424 
of  the  Civil  Code  of  California  provides  that: 

"The  business  of  hydraulic  mining  may  be  carried  on  within  the 
State  of  California  wherever  and  whenever  the  same  may  be  carried 
on  without  material  injury  to  the  navigable  streams  or  the  lands 
adjacent  thereto." 

These  conditions  exist  in  the  territory  drained  by  the  Klamath 
River.  This,  the  second  river  in  size  in  the  State,  is  a  typical  mountain 
stream.  It  has  a  rapid,  torrential  current,  and  flows  through  a 
succession  of  deep  gorges  which  extend  almost  to  its  mouth.  There 
are  practically  no  agricultural  lands  along  its  banks,  and  it  is 
hopelessly  unnavigable.  High  benches  of  auriferous  gravel  aggregat- 
ing thousands  of  acres  lie  along  its  banks  and  those  of  its  tributaries. 
Hydraulic  mining  operations  have  been  conducted  in  this  locality 
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Mr.  Riffle,  for  many  years  with  satisfactory  results,  the  gravel  yielding  from 
$5  000  to  $25  000  per  acre.  Although  most  of  the  mines  are  small,, 
their  aggregate  yearly  production  of  gold  is  very  considerable.  A 
few  mines,  however,  operate  on  a  large  scale.  The  La  Grange' 
Mine,  in  Trinity  County,  for  instance,  has  one  of  the  largest 
hydraulic  plants  in  the  world.  With  high  banks  (the  maximum 
height  being  300  ft.)  and  9  000  miner's  in.  of  water  available,  it  has- 
been  possible  to  hydraulic  from  10  000  to  12  000  cu.  yd.  of  gravel 
per  day.  To  convey  this  large  volume  of  water  from  the  source' 
of  supply  to  the  mine  it  was  necessary  to  construct  16  miles  of 
flumes,  ditches,  pipes  and  tunnels.  This  conduit  contains  a  tunnel 
1?,:  miles  long,  and  a  30-in.  riveted  siphon  nearly  1  mile  in  length, 
operating  under  a  pressiire  of  450  lb.  per  sq.  in.  at  its  lowest  point. 

Without  going  further  into  detail,  it  may  be  concluded  that 
hydraulic  mining  promises  to  be  an  important  industry  in  Cali- 
fornia for  many  years — especially  in  those  localities  which  are  more' 
fortunately  situated  than  the  region  described  by  the  author. 
Mr.  Galloway.  J.  D.  Galloway,  M.  Aim.  Soc.  C.  E.  (by  letter). — The  engineers, 
in  charge  of  the  construction  of  the  Yuba  barrier  are  to  be  con- 
gratulated on  the  success  of  their  effort  to  build  even  a  low  dam 
across  the  Yuba  River.  Since  the  paper  was  written  the  river  has 
been  in  flood,  and,  as  no  damage  to  the  barrier  has  been  reported, 
it  may  be  considered  that  the  second  step  in  the  dam  will  stand. 

The  writer  is  familiar  with  the  Yuba  River,  and  offers  the 
following  comment  upon  the  subject  of  the  paper.  It  does  not  seem, 
from  the  author's  statements  that  any  reliable  estimate  could  be 
made  of  the  quantity  of  debris  now  in  the  channels  of  the  various 
forks  of  the  river.  Hence  the  ability  of  works,  as  designed,  to  con- 
trol the  situation,  is  open  to  question.  According  to  the  author,  about 
1  000  000  cu.  yd.  of  earth  per  year  are  being  mined,  and  this  is 
restrained  by  log  and  brush  dams.  It  is  the  writer's  opinion  that,, 
in  time,  this  will  result  in  renewing  the  problem  of  the  lower  river. 
The  brush  and  log  dams  will  certainly  decay,  and,  if  upon  any 
considerable  stream,  the  debris  will  then  be  carried  to  the  lower 
reaches  and  deposited.  Owing  to  the  fact  that  most  of  the  tribu- 
taries are  nearly  or  quite  dry  for  a  period  every  year,  the  decay 
of  the  dams  will  be  rapid. 

The  head  dam  of  the  Bay  Counties  Power  Company,  8  miles 
above  Colgate,  was  formerly  a  wood-crib  dam  about  40  ft.  high. 
It  failed  two  years  ago,  after  a  service  of  some  thirteen  years., 
and  was  replaced  by  a  stone  dam.  The  writer  examined  the  timber 
of  this  dam  and  found  that,  although  it  was  in  fair  condition,  it 
showed  evidences  of  decay.  Before  failure  the  river  was  filled  to  the 
dam  crest  with  debris,  and  of  course,  this  went  out  with  the  dam.  The 
plan  of  this  dam  was  very  much  like  the  plan  shown  by  the  author, 
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and  its  failure  is  cited  as  an  eviilence  that  tlic  dams  built  under  the  Mr.  Galloway. 

permits  of  the  Debris  Commission  will  fail  in  time,  and  in  most 

cases  the  impounded  material  will  be  washed  down  the  river.     It  is 

not  quite  as  bad,  however,  as  turning  the  debris  directly  into  the 

stream,  but,  if  the  practice  is  continued,  the  condition  of  affairs 

will  in  time  be  nearly  as  bad  as  ever. 

Eeferring-  to  the  impounding  of  debris  by  the  barrier,  the  author 
does  not  state  the  cubic  contents  of  the  basin  above  the  dam,  nor 
of  the  settling  basins  below.  The  quantity  of  debris  brought  down 
by  the  river  is  given  as  about  3  000  000  cu.  yd,  per  year,  but,  without 
knowing  the  storage  capacity  of  the  basins,  the  ability  of  the  works 
constructed  to  control  the  situation  is  not  evident.  A  statement  is 
made  that  after  the  tirst  step  was  completed  in  1904,  the  first  freshet 
filled  the  basin  to  the  crest  of  the  dam. 

The  second  step  of  the  dam  of  course  added  a  greater  cube  to 
the  basin,  and  the  author  probably  now  knows  what  effect  the  late 
Hoods  have  had  upon  it. 

Referring  to  the  dam,  the  writer  believes  that  the  addition  of 
two  more  steps,  making  it  36  ft.  high,  will  be  a  seriovis  menace  to 
the  entire  structure.  While  part  of  the  flood  will  be  carried  by  the 
spillway,  a  relatively  small  quantity  of  water  may  do  considerable 
damage  to  the  toe.  Water  passing  the  series  of  rollways  does  not 
lose  much  of  its  energy,  most  of  it  being  expanded  in  the  pool  at 
the  toe. 

The  training  walls  from  Dagaerre  Point  to  Marysville  seem  to 
the  writer  to  be  the  best  part  of  the  scheme.  Their  value  lies,  not 
so  much  in  lands  reclaimed,  as  in  preventing  the  river  from  washing 
the  entire  deposit  of  debris  into  the  Sacramento  River  below. 

The  foregoing  is  not  to  be  considered  as  a  criticism  on  the 
design  of  the  dam.  It  has  been  built  on  the  shifting  sands  of  a 
violent  river,  and  the  engineers  are  to  be  congratulated  upon  the 
success  of  the  work.  It  is  believed,  however,  that  the  building  of 
temporary  dams  in  the  mountains  to  restrain  debris  is  bad  policy. 
Gold  is  not  wealth,  and  the  State  would  be  better  off  if  hydraulic 
mining  had  never  been  invented. 

It  is  possible  that  the  author  has  at  hand  the  capacities  of  the 
basin  above  the  barrier,  intended  to  restrain  the  material  of  larger 
size,  and  of  the  settling  basin  for  the  finer  material,  in  which  case, 
an  estimate  of  their  ability  to  impound  the  debris  could  be  made. 
Without  this,  it  would  seem  that  the  project  is  open  to  qviestion, 
as  suggested  above. 

H.   De   C.   Richards,   M.    Am.   Inst.   M.   E.    (by   letter),— Mr.  Mr.  Richards. 
Hart's  very  able,  comprehensive  and  highly  educational  paper  re- 
fers to  the  protection  for  navigable  streams  developed  on  account 
of   the  great   damage   done   by   dumping  mining  debris   into   the 
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Mr.  Richards,  tributaries  of  those  streams,  but  no  reference  is  made  to  the  debris 
from  slides,  which  is  steadily  increasing  and,  in  some  sections, 
is  much  more  serious  than  the  mine  dumpage. 

The  ''Caminetti  Law"  so-called,  has  resulted  less  expensively 
in  the  long  run  for  the  miners  than  the  fighting  of  many  debris 
suits — some  honest  and  many  blackmailing. 

The  writer  will  describe  briefly  the  conditions  on  the  non- 
navigable  streams  of  Northwestern   California. 

Several  years'  experience  in  hydraulicing  gravels  in  Humboldt 
and  Siskiyou  Counties  impels  the  writer  to  state  that  there  are 
four  counties  in  California  where  hydraulic  mining  can  be  done 
without  injury  to  navigation  or  agricultural  interests.  The  coun- 
ties of  Del  Norte,  Siskiyou,  Trinity  and  Humboldt  (north  of  Eu- 
reka) have  an  area  of  some  8  000  000  acres,  or  about  12  000  sq. 
miles. 

The  Klamath  and  Trinity  Rivers,  and  the  tributaries  thereto 
having  workable  auriferous  gravels  within  reasonable  dumping 
distance,  cover  a  length  of  about  600  miles.  The  lower  60  miles 
of  the  Klamath  River  has  a  fall  of  about  490  ft. 

Placer  mining  began  in  that  section  about  fifty  years  ago,  and 
seems  to  have  increased  steadily  in  number  of  openings  until,  some 
ten  years  ago,  when  many  of  the  larger  workings  had  reached  the 
hill  rock.  The  small  "one-man  workings"  are  innumerable;  a  few 
large  mines  are  still  operating  on  the  Klamath,  Trinity,  Salmon  and 
Scott  Rivers,  all  of  which,  with  the  many  smaller  streams,  flow 
to  the  Pacific  through  the  Klamath.  The  lower  45  miles  of  this 
river  has  no  large  mines;  the  gravels  are  on  the  upper  benches, 
some  as  high  as  2  000  ft.  above  the  river,  with  no  water  available 
for  mining. 

The  mine  now  being  operated  by  the  writer  at  Orleans  has 
averaged  a  clearing  of  about  1  acre  of  bed-rock  per  month  with 
a  full  flume  (5  by  3  ft.,  with  a  gradient  of  10  ft.  per  mile)  under 
a  head  of  about  250  ft.,  and  with  banks  from  50  to  80  ft.  high. 
New  workings,  just  opened,  give  173  lb.  static  pressure  on  the 
gauge,  that  is,  402  ft.  head.  The  same  gauge  indicates  120  lb. 
on  the  rear  casting  of  a  No.  4  giant,  with  a  6.5-in.  nozzle,  and 
with  an  overflowing  penstock.  There  are  several  larger  workings 
on  that  river,  and  the  season  is  of  about  the  Scinie  length,  from 
8  to  10  months — usually  8  months. 

The  whole  country  "slides  easily."  During  the  wet  season, 
really  phenomenal  slides  occur,  stripping  precipitous  patches  of 
bed-rock  sometimes  an  acre  or  more  in  area  and  having  depths 
of  more  than  100  ft.  In  one  instance  a  length  of  about  1  500  ft., 
and  more  than  100  ft.  thick,  slipped  into  the  Klamath  River, 
completely  damming  it  for  some  hours.     Of  course,  much  damage 
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was  done  u  few  hours  later  when  it  broke  through.     In  the  writer's  Mr.  Richards, 
opinion,   the  mining  has   not   in  the  past   and   does   not  now  put 
as  much  debris  in  the  rivers  as  the  slides  in  wet  years. 
Carefully  kept  rain  gauges  have  recorded  as  follows : 

11)00-01 51.54  in. 

1901-02 51.68    " 

1902-03 59.30    " 

1903-04 82.10    " 

1904-05 44.27    " 

In  spite  of  these  conditions,  the  rivers  have  not  filled  up,  and, 
in  fact,  the  Klamath  and  Trinity  Rivers  are  so  swift  that  they 
almost  reach  the  normal  scoured  condition  at  any  heavy  flood 
season.  Bars  form  and  disintegrate  from  season  to  season,  ac- 
cording to  the  stage  of  the  water.  The  formation  of  a  bar  at 
any  point  of  course  indicates  an  increased  jettying  beyond. 

Indian  dugouts  are  the  only  craft  the  rivers  float,  and,  aside 
from  casual  blackmail  suits  assisted  by  legal  gentlemen  on  con- 
tingent fees,  there  is  little  to  fear  from  legal  restrictions  in  that 
section.  The  Honorable  John  F.  Davis  says  that  in  these  river 
basins  the  only  foe  with  which  the  industry  has  to  contend  is 
the  occasional  blackmailer.  The  writer  might  add  that  the  ranch- 
ing which  might  be  affected  by  the  mining  is  ridiculously  small, 
and  that  all  the  ranching  land  is  nearly  always  more  valuable 
for   mining. 

Many  excellent  quartz  leads  have  been  opened  in  that  section, 
and  a  large  number  are  mines  in  operation.  Prospecting  is  more 
than  encouraging  in  some  of  the  newer  districts,  but  is  helped  by  the 
placer  mining,  and  there  are  no  complaints. 

The  following  is  from  the  Government  Report  on  gold  and  silver 
production  in  1904: 

"Hydraulic  mining  property  is  in  small  demand  in  that  area 
(drainage  basin,  San  Joaquin  and  Sacramento  Rivers),  and  few 
new  mines  are  opened.  Numbers  have  had  their  licenses  with- 
drawn for  violation  of  the  rules  of  the  commission  granting  them. 
Some  changes  in  the  laws  will  have  to  be  made  if  hydraulic 
mining  is  ever  again  to  flourish  in  this  section. 

"It  is  proper  to  note,  and  should  be  borne  in  mind  by  those 
interested,  that  these  conditions  exist  only  in  the  drainage  area 
referred  to.  In  all  other  parts  of  the  State  there  are  no  restric- 
tions on  hydraulic  mining.  The  extensive  hydraulic  operations  in 
Siskiyou  and  Trinity  Counties,  and  the  smaller  ones,  in  Humboldt 
and  Del  Norte  Counties  have  always  continued  without  interfer- 
ence by  the  people  or  the  laws;  and  it  is  for  this  reason  that 
Trinity  and  Siskiyou  Counties  now  lead  all  others  in  this  branch 
of  mining.     The  drainage  of  all  the  streams   in  that  area  is  ul- 
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Mr.  Richards,  timately  into  the  Klamath  River,  which  is  a  non-navigable  stream, 
and  empties  directly  into  the  Pacific  Ocean,  where  all  the  debris 
finally  disappears  without  possibility  of  damage  to  any  one. 

"Each  mine  may  therefore  dump  its  debris  at  convenience  and 
the  spring  freshets  carry  it  out,  leaving  a  place  for  another  dump 
the  following  year.  Naturally,  under  these  conditions  (which 
formerly  prevailed  in  the  area  of  the  State  now  under  restriction), 
no  impounding  basins  for  tailings  are  necessary,  nor  is  there  any 
Federal  supervision  whatever.  The  quantity  of  gravel  to  be 
washed  is  therefore  limited  only  by  the  quantity  of  water  which 
can  be  brought  to  bear  under  pressure  against  the  banks  of  gravel." 

Mr.  Kieffer.  STEPHEN    E.    KlEFFER,    AsSOC.    M.    Am.    SoC.    C.    E.    (by   letter). — 

The  author,  in  his  analysis  of  the  physical  and  industrial  con- 
ditions leading  to  the  cessation  of  hydraulic  mining  in  the  trib- 
utary water-shed  of  the  Sacramento  River,  and  the  creation  of 
the  California  Debris  Commission,  has  clearly  given  the  underlying 
reasons  for  the  existence  of  the  problem,  and  with  the  proposed 
method  of  its  solution,  that  has  proved  too  large  for  the  State 
of  California  to  cope  with  unaided,  and  too  complex  with  bitter 
politically  and  socially  to  be  dealt  with  in  direct  control  by  other 
than  the  Federal  Government. 

The  bitterness  engendered  by  the  fight  of  a  quarter  century  ago 
is  a  thing  almost  unknown  to  later  comers  in  the  State,  especially 
if  residence  or  business  has  not  placed  them  in  direct  touch  with 
the  territory   affected. 

To-day,  however,  the  feeling  of  animosity  between  the  people  of 
the  valley  and  the  people  of  the  hills  remains  much  the  same  as 
ever;  the  miners  ever  hope  to  mine  and  the  ranchers  in  the  valley 
jealously  watch  to  see  that  the  danger  does  not  threaten. 

As  evidence  of  this  fact  may  be  cited  a  meeting  of  the  ranchers, 
in  the  fall  of  1904,  at  Marysville,  called  to  consider  the  question 
of  proceeding  against  the  gold  dredges  at  work  along  the  Feather 
River  at  Oroville,  and  on  the  Yuba  at  Daguerre  Point — the  two 
latter  dredges  being  those  referred  to  by  the  author  as  building 
the  lower  diverting  barrier  across  the  Yuba. 

Floods  during  the  previous  season  had  covered  with  sand  large 
areas  along  the  Feather  River,  and  this  was  attributed  to  the 
disturbance  of  the  gravel  deposits  in  the  rivers  by  the  dredges, 
despite  the  fact  that,  of  the  forty  dredges  operating,  only  three 
were  directly  in  the  river  channels  and  handling  recent  debris 
deposits. 

When  it  was  pointed  out  that  the  effect  of  the  dredges  was  to 
cover  the  unstable  surface  sands  and  fine  gravel  with  30  ft.  of 
coarse  cobbles,  thereby  forever  restraining  the  fine  deposits  from 
further  movement  in  the  stream,  the  agitation  came  to  a  sudden 
end. 
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At  about  the  same  time  an  attack  was  made  upon  the  dredges  Mr.  Kieffer. 
of  the  American  River  field,  the  press  of  Sacramento  claiming  that 
the  city  pipes   were  filling  with  sand  as   a  result  of   the  dredges 
excavating  gravel  at  Folsom,  22  miles  distant. 

These  dredges  were  operating  at  a  distance  of  ;}  mile  from  the 
channel  of  the  American  Elver,  from  40  to  GO  ft.  in  elevation 
above  it,  and  tailed  back  into  the  river  from  A  to  1  cu.  ft.  of  water 
per  see.  to  each  boat. 

These  cases  serve  to  indicate  how  vigilant  a  watch  is  kept  upon 
gravel  mining  in  any  form. 

No  other  comment  is  needed  upon  the  damage  resulting  to  the 
valley  lands  from  former  hydraulic  mining.  While  this  vigilance 
guarantees  immunity  for  the  future,  the  writer  feels  that  excessive 
alarm  is  unnecessary.  To  all  intents  and  purposes  hydraulic  min- 
ing in  the  Sacramento  water-shed  is  a  thing  of  the  past. 

The  author  estimates  that  1 000  000  cu.  yd.  of  gravel  are  ex- 
cavated per  year  at  the  present  time.  Taking  his  estimate  of  the 
yardage  in  the  streams  as  follows : 

Lower  Yuba 333  000  000  cu.  yd. 

Bear 66  000  000"      " 

Sacramento 108  000  000    "      " 

Other   tributaries 

(assumed  by  writer)   100  000  000    "      " 

There  is  a  total  of  607  000  000  cu.  yd.  of  gravel  remaining  in 
the  streams. 

If  to  this  is  added  the  pro  rata  of  material  estimated  by  the 
State  Engineer  in  1880  as  being  carried  to  Suisun  and  San  Fran- 
cisco Bays  in  suspension,  the  grand  total  is  760  000  000  cu.  yd.  of 
gravel  mined  and  dumped  into  the  streams  in  a  period  of  about 
25  years.     No  doubt  the  true  volume  is  greatly  in  excess  of  this. 

Upon  this  basis,  it  would  take  760  years,  at  the  present  rate 
of  hydraulicing,  to  cause  a  trouble  of  the  magnitude  confronting 
the  Commission  to-day,  granting  that  all  the  gravel  was  allowed 
to  go  into  the  streams. 

Comparatively  few  gravel  deposits  of  the  Sierras  suitable  for 
hydraulicing  on  any  large  scale  have  favorable  sites  for  the  storage 
of  debris. 

The  necessarily  small  scale  of  the  operations,  combined  with 
the  added  cost  per  cubic  yard  for  restraining  works,  confines  oper- 
ations to  the  better  paying  or  more  favorably  located  gravels ;  hence, 
as  long  as  the  present  regulations  are  in  force,  the  field  can  never 
be  greatly  enlarged. 

Granting  that  it  is  an  open  question  as  to  whether  or  not  the 
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Mr.  Kieffer.  type  of  restraining  dams  specified  will  prove  a  permanent  barrier 
to  the  impounded  debris,  the  writer  cannot  see  that  the  occasional 
failure  of  a  dam,  iri  the  course  of  time,  can  have  any  sigificant 
effect  upon  the  problem  as  a  whole,  provided  the  general  restric- 
tive regulations  of  the  present  are  enforced. 

As  far  as  possible,  hydraulic  mining  should  be  encouraged. 
This  the  Debris  Commission  has  apparently  endeavored  to  do,  but 
the  results  at  best  can  be  no  more  than  a  virtual  wiping  out  of 
the  industry  in  the  Sacramento  water-shed,  thereby  surely  solving 
this  phase  of  the  problem. 

The  more  momentous  problem  of  what  to  do  with  the  millions 
of  cubic  yards  of  debris  already  in  the  streams,  however,  is  not 
as  easily  solved  by  restrictive  measures.  The  Yuba  project,  so 
fully  outlined  by  the  author,  cannot  fail  to  impress  one  with  the 
magnitude  of  the  undertaking. 

Although  the  Yuba  is  the  worst  offender,  it  is  adapted  to  the 
plan  of  holding  back  the  debris  better  than  any  other  river  of 
which  the  writer  knows.  Probably  physical  conditions  could  not 
be  found  elsewhere  that  would  permit  works  of  such  magnitude  to 
be  constructed  for  such  low  cost. 

Conditions  are  certainly  unusual  which  will  permit  the  Govern- 
ment to  have  built  free  of  cost  such  an  essential  part  of  the 
scheme  as  the  diverting  barrier  at  Daguerre  Point,  with  a  height 
of  30  ft.,  a  width  of  200  or  300  ft.  and  a  length  of  2i  miles.  Of 
the  south  training  wall,  2  miles  will  also  be  constructed  in  a 
similar  manner.  The  dredges  building  these  banks  excavate  to  a 
depth  of  60  ft. 

Even  when  gold  values  in  the  gravel  of  the  river-bed  fall  be- 
low pay,  as  Marysville  is  approached,  the  construction  of  the 
south  training  wall  should  be  effected  at  a  very  low  figure  by 
this  method. 

The  great  width  of  the  Lower  Yuba  in  its  natural  channel 
above  Daguerre  Point  affords  an  unusual  amount  of  storage  for 
such  a  stream.  Below  Dag-uerre  Point  the  width  of  2  to  3  miles, 
between  levees  would  afford  much  greater  room  for  subsidence  out- 
side of  the  training  walls  than  is  provided  in  the  settling  basin, 
although  much  of  the  most  available  part  of  this  area  on  the  south 
side  will  probably  be  mined  by  the  dredges. 

The  elevation  of  the  river-bed  above  the  very  flat  valley  lands 
makes  the  settling  basin  a  very  practical  and  easily  accomplished 
part  of  the  plan. 

Barrier  No.  1  is  an  interesting  piece  of  engineering,  the  ulti- 
mate success  of  which  seems  to  be  assured.  The  length  of  the 
structure,  its  proposed  height,  the  shifting  character  of  the  fonnda- 
tion,  the  floods  to  be  passed,  and  the  low  cost  for  a  virtually  perma- 
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nent  structure  under  the  conditions,  are  all  circumstances  that  will  Mr.  Kieffer. 
cause  its  future  to  be  watched  with  interest. 

The  question  of  maintenance,  in  a  structure  with  such  an  ex- 
posure of  concrete  face  to  the  wear  of  passing  gravel,  may  prove 
serious.  The  author  states  that  during  the  first  winter  the  concrete 
facing  to  a  depth  of  2  in.  was  cut  out  in  places. 

The  writer  has  had  experience  along  this  line  upon  a  dam  built 
across  the  American  River.  The  dam  above  the  rubble  masonry- 
was  crested  with  T-rails  on  each  edge  and  filled,  for  a  depth  of  from 
6  to  8  in.,  to  the  tops  of  the  rails,  with  concrete  composed  of  1  part 
cement  and  2  parts  river  gravel  passing  a  l^-in.  screen.  This  was 
entirely  cut  out  during  the  first  season;  was  replaced  and  cut  out 
the  next  year,  and  finally  replaced  with  2-in.  pine  plank  set  between 
the  rails. 

The  greatest  damage  from  such  erosion  occurs  during  the  middle 
stages  of  the  river,  when  only  the  finer  materials  are  being  trans- 
ported. That  this  danger  is  anticipated  in  Barrier  No.  1  is  indi- 
cated by  the  construction  of  a  wasteway,  400  ft.  long  and  4  ft.  deep, 
sufficient  to  carry  the  ordinary  river  flow.  This  will  undoubtedly 
mitigate  the  trouble,  but  will  not  entirely  remove  it. 

There  is  no  doubt  that  the  ordinary  aggregate  of  the  concrete 
will  withstand  this  wear  better  than  a  strong  mortar. 

That  the  plan  in  general  outlined  by  the  Commission  for  the 
control  of  the  debris  of  the  streams  is  probably  the  most  feasible 
one,  there  can  be  little  doubt.  How  far  it  can  be  made  beneficial 
is  a  question,  and  is  largely  a  matter  of  topography  and  money. 

The  settling  basin,  diverting  barrier  and  Barrier  No.  1  of  the 
Yuba  project  will  probably  impound  from  40  000  000  to  45  000  000 
cu.  yd.  of  material.  At  the  rate  the  lower  Yuba  basin  filled,  from 
1899  to  1904,  as  given  by  the  author,  these  works  will  be  filled  in 
about  10  or  15  years. 

Other  rivers,  notably  the  American,  afford  poorer  opportunity 
for  impounding  debris  than  the  Yuba.  In  this  case  the  river  is 
frequently  in  flood  when  the  Sacramento  is  not. 

It  is  essential  that  all  coarse  material  capable  of  being  deposited 
in  the  slow-moving  navigable  streams  should  be  held  back  if 
possible,  but  how  far  this  can  be  done  with  the  relatively  small 
works  capable  of  construction  for  the  purpose  only  time  will  prove. 
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NEW  FACTS  ABOUT  EYE-BARS. 
Discussion.* 


By  Messrs.  Mace  Moulton,  John  D.  Van  Buren  and  J.  W.  Schaub. 


Mr  Mouiton.         Mace  Moulton,  M.  Am.  Soc.  C.  E. — The  author  has  stated  that, 

under  ordinary  working  stresses,  the  elongations  in  the  shorter  bars 

differ  from  those  in  the  longer  bars.     Does  it  follow,  therefore,  that 

the  general  methods  of  computing  the  deflections  will  have  to  be 

modified  on  account  of  elements  introduced  by  the  difference  in  the 

lengths  of  the  bars  ?     This  might  occur,  for  example,  in  the  case  of 

a  cantilever  in  which  the  top  slopes  toward  the  ends  of  the  truss. 

In  the  ordinary  method  of  computing  deflections,  this  difference 

in  the  lengths  of  the  bars  is  usually  taken  into  account,  but,  from 

the  aiithor's  statement,  it  would  seem  that  the  deductions  would  be 

necessarily  different  in  the  case  of  bars  of  different  lengths.     As  a 

result  of  the  author's  tests,  is  it  possible  to  compute  approximately 

how  much  allowance  should  be  made? 

Mr. Van  Buren.  JoHN  D.  Van  Buren,  M.  Am.  Soc.  C.  E.  (by  letter) . — While  reading 

Mr.  Cooper's  valuable  paper,  it  occvirred  to  the  writer  that  a  rubber 

eye-bar  would  act  in  very  nearly  the  same  manner  as  a  steel  one, 

within  the  limits  of  elasticity,  and  would  show  the  strains  plainly  on 

a  sinall  scale.    The  experiment  was  made,  and  the  results  illustrated  by 

Fig.  11  are  submitted  at  the  suggestion  of  the  author,  who  informs 

the  writer  that  the  lines  of  the  rubber  eye-bar  correspond  exactly 

in  character  with  those  of  the  large  steel  bars  of  his  own  experi- 

*  Continued  from  April,  1903,  Proceedings.    See  January,  1906,  Proceedings  for  paper 
on  this  subiect  by  Theodore  Cooper.  M.  Am.  Soc.  C.  E. 
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EXPERIMENT    WITH    RUBBER    EYE-BAR 


Mr.  Van  Buren 
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Mr. Van  Buren.  ment.  The  writer  is  in  hopes  that  a  more  elaborate  experiment 
with  rubber  may  lead  to  results  of  some  practical  importance  in 
determining  the  distribution  of  the  stress  quantitatively  as  well  as 
qualitatively. 

The  dimensions  of  the  eye-bar  were  as  follows: 
Neck  =  If  by  J  in. ; 
Eye     =  2|  in.,  outside  diameter ; 
Pin     =  1  in.  diameter. 

The  bar,  before  the  application  of  the  stress,  is  shown  in  full 
lines,  with  squares  inscribed  on  it.  The  bar,  after  the  application 
of  the  stress,  is  shown  in  dotted  lines.  The  pin-hole,  as  distorted 
by  the  stress,  is  shown  by  the  dotted  line,  a  h  E  d.  The  slanting 
dotted  lines  show  the  directions  of  the  strains  or  flow.  The  small 
dots  show  the  corners  of  the  squares  after  distortion  by  the  stress. 


Fig.  12. 

The  difference  between  the  areas  of  the  original  and  the  distorted 
squares,  or  between  their  sides  or  diagonals,  measures  approximately 
the  stress  at  any  particular  place;  tensile  if  the  distorted  squares,  or 
lines,  are  the  greater;  compressive  if  they  are  smaller,  with  inter- 
mediate shearing  stress. 

The  following  indications  are  noted:  The  maximum  stress  is 
near  the  pin,  along  the  lines,  h  E  and  d  E,  and  is  excessive,  while 
the  stress  on  the  outer  edges,  D  8  and  B  8,  is  comparatively  small. 
The  cause  of  this  is  evidently  the  bending  action  on  each  side  of  the 
pin  just  below  B  D,  which  increases  the  tension  at  the  pin  and 
reduces  it  on  the  outer  edges.  At  a,  for  about  half  way  to  A,  there 
is  compression,  and  for  the  remainder  of  the  distance  there  is  ten- 
sion; so  that  there  is  a  neutral  point  between  a  and  A.    The  top  of 
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the  eye  above  line  4,  or  line  5,  appears  to  be  strained  somewhat  in  Mr.VanBuren. 
the  manner  of  a  beam.     There  is  compression  at  E,  where  the  two 
streams  of  the  flow  meet.    There  is  apparently  a  curved  boundary  of 
shearing  stress  starting  near  h  and  cutting  a  A  below  A,  and  end- 
ing near  d,  surrounding  the  compressed  area. 

The  excessive  stresses  and  strains  in  the  steel  eye-bars,  at  and 
near  each  side  of  the  pin-holes,  account  for  the  permanent  elonga- 
tions of  the  pin-holes  even  under  moderate  stresses,  discovered  by 
the  author. 

With  a  solid  having  considerable  compressibility  and  a  char- 
acteristic texture,  however,  the  exi^eriment  is  not  complete  without 
the  measurement  of  the  distortions  in  thickness,  that  is,  in  a  direc- 
tion perpendicular  to  the  face  of  the  bar,  or  diagram.  As  rubber 
has  very  little  compressibility — in  other  words,  has  a  very  large 
modulus  of  elasticity  of  volume — it  is  evident  that  the  volumes  of 
the  prisms  represented  by  the  squares  will  remain  nearly  constant, 
and  that,  therefore,  the  changes  in  areas  of  the  squares  will  be 
accompanied  by  proportional  changes,  of  an  opposite  character,  in 
the  thickness.  Practically,  with  rubber,  the  coefiicient  of  transverse 
linear  expansion  or  contraction  must  be  one-half  that  in  a  longi- 
tudinal direction — that  of  the  load.  The  relations  between  the 
stresses  and  strains,  in  such  a  case,  are  comparatively  simple;  but, 
with  more  compressible  solids  having  complex  textures,  it  is  difficult, 
if  not  impossible,  to  formulate  this  relation,  even  with  a  complete 
record  of  the  distortions  in  the  three  directions.  While  it  may  not 
be  possible  to  determine  the  stresses  from  the  strains  by  the  dis- 
tortions in  area  alone,  these  distortions  furnish  a  safe  guide  to  the 
practical  experimenter  in  search  of  the  best  shape — which  requires 
the  greatest  possible  uniformity  in  the  stresses  and  strains.  Pro- 
gressive tests,  marking  the  points  of  set  and  rupture,  as  carried  on 
by  the  author,  are  the  only  safe  guides.  The  mathematical  theory 
of  elasticity  applied  to  a  diagram  of  strains  in  a  solid  of  complex 
structure  leads  to  nothing  practical. 

Aside  from  considerations  relating  to  the  difficulties  of  manvi- 
facture,  the  results  of  this  little  experiment  seem  to  point  to  the 
modifications  indicated  by  Fig.  12  as  remedies  for  the  excessive 
stresses  adjoining  the  pin.  The  excess  in  these  shapes  could  be 
considerably  reduced. 

J.  W.  ScHAUB,  M.  Am.  Soc.  C.  E.  (by  letter).— The  results  ob-  Mr.  schaub. 
tained  by  the  author  are  not  new.  As  he  says,  referring  to  his 
notes  on  the  Eads  Bridge,  he  finds,  in  pulling  some  iron  eye-bars 
up  to  a  proof  stress  of  18  000  lb.  per  sq.  in.,  that  a  pei*manent  de- 
formation took  place  in  the  eyes.  If  the  writer  may  be  pardoned 
for  the  transgression,  it  may  not  be  out  of  place  to  say  that  he 
believes  the  history  of  the  building  of  the  Eads  Bridge  to  be  the 
greatest  educator  in  the  art  of  bridge  building,  even  to-day. 
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Mr.  schaub.  In  those  days  it  was  customary  to  pull  all  eye-bars,  in  the 
shop,  up  to  a  proof  stress,  usually  twice  the  working  stress,  or 
about  18  000  to  20  000  lb.  per  sq.  in.  This  applied  to  all  iron 
eye-bars,  and  was  the  accepted  practice  until  the  advent  of  the 
steel  bar.  This  test  was  for  the  purpose  of  developing  any  flaws  in  the 
head  which  might  exist  in  the  weld ;  but,  as  far  as  the  writer  knows, 
it  never  developed  anything,  except  that  a  pennanent  set  was  pro- 
duced in  the  head  of  the  bar.  This  fact  was  well  known,  and  in 
looking  over  his  notes  on  iron  eye-bar  tests  made  at  Edge  Moor, 
in  the  period  from  1881  to  1883,  the  writer  finds  in  many  cases  the 
note  that  a  permanent  set  took  place  in  the  head  of  the  bar.  This 
deficiency  was  first  noted  when  the  original  mill  scale  and  cinder 
began  to  flake  from  the  head  of  the  bar,  sometimes  back  of  the 
pin,  but  usually  near  the  neck  of  the  bar.  The  permanent  set 
given  to  the  bar  was  never  as  much  as  -h  in.,  so  that  little  or  no 
attention  was  paid  to  this  deficiency,  and,  as  long  as  the  bar  did 
not  ultimately  fail  in  the  head,  it  filled  all  the  requirements. 

These  distortions  are  not  confined  to  eye-bars.  They  will  be 
found  in  compression  members,  as  well  as  in  tension  members, 
and  in  riveted  connections  as  well  as  in  pin  connections;  in  fact, 
in  all  cases  where  the  stress  is  applied  to  a  theoretical  point  in  the 
member,  and  where  insufficient  means  are  provided  for  distributing 
this  stress  into  the  body  of  the  member.  This  defect  is  inherent 
in  all  designs,  more  or  less,  and  cannot  be  avoided  without  pro- 
viding a  sufficient  amount  of  extraneous  material  in  the  connec- 
tions to  distribute  the  stresses  properly,  within  the  limits  of  elas- 
ticity of  the  materials. 

In  the  case  of  eye-bars,  the  difficulty  can  be  overcome  to  a  great 
extent  by  thickening  the  heads ;  and,  at  the  same  time,  making 
the  heads  elliptical,  or  longer,  so  as  to  increase  the  metal  in  front 
and  back  of  the  pin.  This  was  the  shape  of  the  heads  made  on 
iron  bars,  before  the  circular  head  came  into  general  use,  and 
should  never  have  been  abandoned. 

The  criticism  offered  by  the  author  as  to  the  present  form  of 
eye-bar  is  just,  and  the  defect  should  be  remedied. 
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F.    P.    Shearwood,    M.    Am.    Soc.    C.    E.    (by   letter). — Captain  Mr.  Shear- 
Sewell's  advocacy  of  a  system  which  eliminates  as  far  as  possible 
all  uncertainties  in  this  popular  mode  of  construction  will  recom- 
mend itself  to  all. 

Although  the  various  formulas  for  computing  the  strength  of 
beams  do  not  differ  greatly  in  their  final  results,  the  many  discus- 
sions on  the  subject,  by  their  very  existence,  prove  that  the  dis- 
tribution of  the  stresses  (especially  of  the  so-called  shearing  stresses) 
is  still  an  unsolved  problem,  a  clear  conception  of  which  is  not  yet 
reached. 

Tests  on  specially  prepared  specimens,  or  on  such  as  have  been 
carefully  watched  during  construction,  do  not  by  any  means  fully 
furnish  the  desired  information,  for  until  the  stresses  in  a  rein- 
forced beam  can  be  analyzed  with  at  least  the  same  degree  of  con- 
fidence in  the  result  as  is  permissible  in  steel  construction,  this 
method  must  give  occasion  for  skepticism. 

The  writer  believes  that  tests,  almost  invariably,  have  been  made 
for  a  single  loading,  and  it  is  as  yet  probably  unknown  whether 
beams  of  this  construction  do  not  deteriorate  under  frequent  load- 

*  Continued  from  April,  1906,  Proceedings.  See  December,  1905,  Proceedings  for 
paper  on  this  subject  by  John  S.  Sewell,  M.  Am.  Soc.  C.  E. 
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Mr.  Shear-  ings.  Many  authorities  seem  to  admit  that  the  concrete  in  the 
reinforced  or  tension  side  of  a  beam  is  strained  beyond  its  strength 
when  the  beam  is  loaded  to  its  working  capacity,  therefore  it 
follows  naturally  that  it  is  more  or  less  injured,  and  possibly  serious 
harm  will  occur  with  frequent  loadings. 

From  the  very  small  deflections  recorded  under  test  loads  on  these 
beams  it  appears  to  be  evident  that  the  steel  reinforcement  is  not 
performing  the  work  for  which  it  was  designed,  and  therefore  the 
concrete  is  performing  a  duty  for  which  it  is  not  safely  capable,  and, 
by  being  stressed  repeatedly  to  its  ultimate  strength,  it  is  likely  to 
be  fractured.  How  the  destruction  of  the  tension  value  in  the 
concrete  will  affect  its  adhesive  qualities  should  be  ascertained  be- 
fore reliance  is  placed  on  the  permanency  of  reinforced  concrete. 

A  series  of  experiments  to  discover  whether  reinforced  concrete 
can  fail  by  fatigue,  or  to  find  out  at  what  unit  stress  concrete  can 
be  strained  when  reinforced,  without  deterioration,  would  be  a 
valuable  addition  to  the  useful  knowledge  on  this  subject. 
Mr.  Merriman.  Mansfield  Merriman,  M.  Am.  Soc.  C.  E.  (by  letter). — The 
author's  method  does  not  seem  to  be  a  satisfactory  one  for  the 
design  of  beams,  because  his  curve  giving  the  distribution  of  stresses 
above  the  neutral  axis  was  deduced  from  tests  in  which  concrete 
was  ruptured  under  compression.  While  his  Equations  1  to  5  may 
apply  very  well  to  cases  of  the  rupture  of  beams,  they  seem  to  be 
inapplicable  to  problems  of  design,  since  the  stress-strain  curve  for 
rupture  is  very  different  from  that  which  prevails  when  the  concrete 
is  stressed  only  to  such  values  as  are  allowed  by  specifications.  The 
unit  stresses  that  appear  in  these  formulas  are  those  of  the  ultimate 
compressive  strength  of  the  concrete  and  the  elastic  limit  of  the 
steel.  In  designing  a  beam,  however,  the  allowable  compressive  unit 
stress  in  the  concrete  should  not  be  higher  than  about  one-sixth 
of  its  ultimate  strength,  and  the  allowable  tensile  unit  stress  in  the 
steel  should  not  be  higher  than  about  one-half  its  elastic  limit. 
To  use  the  author's  formulas  for  the  design  of  beams,  two  methods 
may  be  used:  first,  to  divide  his  f^  and  tg  by  factors  of  safety,  in 
order  that  the  working  unit  stresses  may  agree  with  those  required 
by  the  specifications;  or,  secondly,  to  multiply  the  given  maximum 
bending  moment  by  a  factor  of  safety.  While  both  these  methods 
are  often  used,  it  is  maintained  by  the  writer  that  both  are  illogical, 
and  that  neither  of  them  leads  to  reliable  results.  Wlien  a  beam 
is  to  be  designed  to  carry  a  given  bending  moment  under  assigned 
unit  stresses,  the  design  should  be  made  from  formulas  in  which 
that  bending  moment  and  those  unit  stresses  appear,  and  these 
formulas  cannot  be  derived  except  from  stress-strain  curves  which 
agree  with  those  unit  stresses.  The  object  of  establishing  formulas 
for  design  is  to   determine  the  proportions  of  beams  which  shall 
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have    the    safe    required    unit    stresses    under    the    given    bending  Mr.  Meniman. 
moments.     Such  formukis  cannot  be  expected  to  apply  to  cases  of 
rupture,  neither  can  formuhis  set  up  for  cases  of  rupture  be  ex- 
pected to  give  reliable  results  in  designing. 

The  author's  conclusion,  that  the  greatest  economy  is  secured 
in  designing  a  reinforced  concrete  beam  when  the  cost  of  the  steel 
is  equal  to  the  cost  of  concrete  above  the  steel  bars,  cannot  be 
accepted  by  the  writer.  The  author's  investigation,  starting  with 
his  Equation  10,  seems  to  be  incorrect,  because  it  assumes  the  depth, 
d,  to  be  a  variable  quantity,  while  his  Equations  2  to  5  determine 
this  depth  for  given  values  of  the  unit  stresses.  That  is  to  say,  the 
solution  of  these  four  equations,  which  are  correct  for  the  stress- 
strain  curve  adopted  by  the  author,  give  the  depth,  d,  of  the  beam, 
and  the  section  area,  a,  of  the  steel  per  unit  of  breadth,  in  terms  of 
the  assumed  unit  stresses.  Now,  if  these  quantities  are  determined 
from  the  fundamental  equations,  it  is  certainly  not  in  order  to 
derive  one  or  both  of  them  later  by  supposing  that  they  are  variables, 
thus  introducing  an  assumption  which  contradicts  the  fundamental 
conditiK)ns   of  equilibrium. 

Another  objection  to  the  author's  investigation  is  that  he 
takes  h,  in  Equation  6,  as  the  constant  number,  0.85,  after  having 
shown  that  its  value  ranges  from  0.83  to  0.92.  Now,  a  discussion  of 
Equations  2  to  6  will  show  that  this  assumption  fixes  the  steel 
section  area  at  1.13%  ;  and,  after  the  percentage  of  steel  is  thus  fixed, 
it  is  difiicult  to  see  how  it  can  later  be  made  to  vary  with  the  rela- 
tive costs  of  the  steel  and  concrete. 

There  can  be  no  doubt,  however,  that  the  proper  design  of  a 
reinforced  concrete  beam  involves  the  question  of  minimum  cost. 
This,  in  the  writer's  opinion,  is  to  be  determined  by  selecting 
proper  allowable  values  for  the  unit  stresses  in  the  steel  and  con- 
crete. Eor  the  concrete  the  highest  compressive  unit  stresses  allowed 
by  the  specifications  should  be  used,  usually  about  500  lb.  per  sq.  in. 
for  1:2:4  concrete,  and  about  350  lb.  per  sq.  in  for  1:3:6  concrete. 
The  tensile  unit  stress  for  the  steel,  however,  cannot  be  arbitrarily 
assumed,  but  must  be  selected  so  as  to  make  the  cost  of  the  beam  a 
minimum,  provided  it  be  not  greater  than  the  highest  value  allowed 
in  the  specifications.  If  the  tensile  unit  stress  for  the  steel  is  taken 
high,  the  section  area  of  the  rods  will  be  small  and  the  beam  will  be 
deep;  if  it  is  taken  low,  the  section  area  of  the  rods  will  be  large 
and  the  beam  will  be  shallow.  The  proper  tensile  unit  stress  to 
be  used  should  be  that  which  makes  the  total  cost  of  steel  and 
concrete  a  minimum. 

When  concrete  is  stressed  in  compression  up  to  about  500  lb, 
per  sq.  in.,  the  stress-strain  curve  is  found  to  be  closely  a  straight 
line,  and  hence  a  straight  line  should  be  used  above  the  neutral  axis 
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Mr.  Merriman.  in  order  to  deduce  formulas  for  designing.  Under  a  small  bending 
moment,  there  is  also  tension  in  the  concrete  on  the  lower  side  of  the 
beam;  but,  under  the  maximum  bending  moment  for  which  the 
beam  is  to  be  designed,  these  stresses  are  allowed  to  equal  the 
ultimate  tensile  strength  of  the  concrete,  so  that  hair  cracks  occur. 
The  entire  tensile  resistance  of  the  concrete  below  the  neutral  axis, 
however,  cannot  be  entirely  overcome,  but  tension  exists  for  a  short 
distance  below  that  axis,  and  should  be  taken  into  account  in 
deriving  formulas  for  the  design  of  beams.  The  stress-strain 
curve  for  these  tensile  stresses  is  known  to  differ  somewhat  from  a 
straight  line,  but,  on  account  of  the  small  area  under  tension,  it 
may  be  considered  as  straight  for  a  certain  distance. 

For  1 :2 :4  concrete  the  allowable  compressive  stress  is  about  500 
lb.  per  sq.  in.,  and  the  xdtimate  tensile  strength  about  250  lb.  per 
sq.  in.  For  1 :3  :6  concrete  the  allowable  compressive  stress  is  about 
350  lb.  per  sq.  in.,  and  the  ultimate  tensile  strength  about  175  lb. 


Fig.  32. 

per  sq.  in.  Hence  the  ultimate  tensile  strength  of  concrete  is  about 
one-half  of  the  allowable  compressive  stress  on  the  upper  surface 
of  the  beam.  Let  C  be  the  compressive  unit  stress  allowed  by  the 
specifications  for  the  upper  surface  of  the  beam,  and  n  be  the 
distance  of  the  neutral  axis  below  that  surface;  then,  under  a 
straight-line  law,  the  greatest  tensile  unit  stress  in  the  concrete 
will  be  h,C  at  the  distance,  In,  below  the  neutral  axis;  but,  on 
accotint  of  the  known  deviation  of  the  stress-strain  curve  in  tension 
from  a  straight  line,  it  will  be  best  to  apply  that  law  only  as  far 
as  0.3 ?i  below  the  neutral  axis,  thus  making  0.3  C  the  greatest 
tensile  unit  stress,  and  neglecting  all  tensile  resistance  lower  than 
0.3  n  from  the  axis.  Fig.  32  shows,  then,  the  internal  stresses 
proper  for  consideration  in  deriving  formulas  for  the  design  of 
reinforced  concrete  beams. 

The  equations  of  equilibrium  for  a  rectangular  beam  of  breadth, 
&,  under  a  given  bending  moment,  M,  are  now  readily  written. 
Let  A  be  the  section  area  of  the  steel  rods,  the  center  of  which  is  at 
the  distance,  d,  below  the  top  of  the  beam,  and  let  S  be  the  tensile 
unit  stress  in  these  rods. 
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The  first  condition  is  tliat  the  sum  of  all  the  horizontal  tensile  Mr.  Merriman. 
strekes    shall    equal    the    sum    of    all    the    horizontal    compressive 
stresses,  whence, 

A  S  +  ih  (0.3  n)   (0.3  C)  =  h  h  n  C, 
or     A  S  =  0.455  h  n  C. 
The   second    condition    is    that    the    resisting-    moment   of    all   these 
stresses    shall    equal   the   bending   moment.      Taking  the    center   of 
moments  at  the  neutral  axis,  this  condition  gives 

ASid  —  n)+  0.455  hnC  (0.2)  n-\-lhnC  (§  n)  =  M. 

To  these  tvpo  conditions  of  statics  must  be  added  another  which 

states  the  experimental  fact  that  changes  of  length  in  horizontal 

lines  on  the  side  of  the  beam  are  proportional  to  their  distances 

from  the  neutral  surface.     Let  Eg  he  the  modulus  of  elasticity  of 

the  concrete,  and  Eg  that  of  the  steel;  then  the  shortening  of  a  unit 

(J 
length  of  the  upper  surface  of  the  beam  is  -^,  and  the  elongation 

of  a  unit  length  of  the  steel  is  -^,  and  these  are  proportional  to  the 

distances,  n  and  d  —  n.    Accordingly, 

C   _  S  ,  d  —  n  _SE^ 

nE'^~  (d^  n)  Ej  ^^   ~^^  ~  CE^ 
is  the  third  condition. 

When  a  beam  is  to  be  designed,  there  are  given  its  load  and 
span,  which  determine  the  bending  moment,  M,  the  breadth,  h,  the 
moduli.  Eg  and  Eg,  and  the  allowable  unit  stress,  C,  for  the  con- 
crete; usually,  the  allowable  unit  stress,  8,  for  the  steel  is  also 
assumed.  Then  the  solution  of  the  three  equations  above  written 
will  give  the  values  of  d,  A,  and  n. 

This   solution   furnishes   the   following   formulas   for   designing 

beams    in   which,   for   the    sake   of   abbreviation,   the   ratio,  — *,     is 

represented  by  the  letter,  e: 

,2  _  2.92  (e  G+SyM  .  _  0.455  e  C^  , 
'  ~(eC+ 1.33*S)eC2&'  ~  (e  0  +  5)5  ^' 
The  first  of  these  formulas  gives  the  depth,  d,  and  hence,  also, 
the  section  area,  h  d,  of  the  concrete  above  the  reinforcing  rods, 
while  the  second  gives  the  section  area  of  the  steel.  The  determina- 
tion of  these  two  quantities  constitutes  the  main  part  of  the  design 
of  the  beam  when  the  breadth,  h,  is  given. 

In  using  these  formulas  to  design  a  reinforced  beam,  the  con- 
stant, e,  is  approximately  known  for  each  class  of  concrete.  For  all 
kinds  of  steel.  Eg  is  closely  30  000  000  lb.  per  sq.  in.  For  1:2:4 
concrete,  E^  is  about  3  000  000  lb.  per  sq.  in.,  and  hence  e  is  about 
10.    For  1 :3 :6  concrete,  E^  is  about  2  000  000  lb.  per  sq.  in.,  and  hence 
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Mr.  Merrinian.  <-'  is  about  15.  The  unit  stress,  C,  should  be  taken  as  high  as  allow- 
able by  the  specifications,  in  order  to  make  the  depth,  d,  as  sinall 
as  possible.  As  for  the  unit  stress,  ;S',  it  is  also  often  customary  to 
take  the  highest  allowable  value  for  steel  given  in  the  specifications, 
but  it  will  now  be  shown  by  a  numerical  example  that  this  practice 
leads  to  uneconomical  design. 

Let  it  be  required  to  design  a  reinforced  beam  of  1 :3  :6  concrete, 

350  lb.  per  sq.  in.  for  the  concrete,  and  17  500  lb.  per  sq.  in.  for  the 
steel.  Let  the  breadth  of  the  beam  be  12  in. ;  the  span,  14  ft. ;  and 
the  uniform  load,  300  lb.  per  lin.  ft.,'  including  the  weight  of  the  beam. 
Hence,  the  maximum  bending  moment,  M,  is  88  200  Ib-in.  Using 
these  data,  Table  6  gives  the  depth,  d,  computed  from  the  first  of 
the  above  formulas  for  five  difl^erent  values  of  Sj  after  which  the 

TABLE  6. 


^^               d 

In  pounds  per       j    inches 
square  inch.        ^^  mcnes. 

bd. 

in  square 

inches. 

A, 

in  square 

inches. 

bd  +  m  A. 

Relative 
cost. 

7  500         1           11.2 
10  000         i           12.1 
12  500         1            13.0 
15  000                     13.8 
17  500                     14.6 

134.4 
145.2 
156.0 
165.6 
175.2 

1.18 
0.80 
0.59 
0.46 
0.37 

205.2 
193.2 
191.4 
193.2 
197.4 

107.3 
101.0 
100.0 
101.0 
103.1 

corresponding  section  areas,  h  d  and  A,  are  found.     Each  of  these 

beams  have  the  strength  required  by  the  specifications  to  carry  the 

given  bending  moment  with  the  assigned  degree  of  security,  but 

their  costs  are  different.     If  the  cost  of  the  steel  is  60  times  that  of 

the  concrete,  then  the  sums,  h  d  -\-  60  A  will  be  proportional  to  the 

costs  for  the  five  cases,  and  it  thus  appears  that  the  selection  of 

17  500  lb.   per  sq.   in.,   as   the  tensile  working  stress   in  the  steel, 

produces  dimensions  which  make  the  cost  3.1%  more  than  when  the 

stress  is  taken  at  12  500  lb.  per  sq.  in.     Hence  it  is  plain  that  the 

selection  of  the  value  oi  S  is  a.  matter  of  some  importance. 

Since  both  h  d  and  A  may  be  expressed  in  terms  of  Sj  it  follows 

that  the  value  of  S  which  renders  the  total  cost  a  minimum  is  a 

problem  of  pure  mathematics.    Let  p  be  the  ratio  of  the  cost  of  one 

cubic  vmit  of  steel  to  that  of  one  cubic  unit  of  concrete;  then  the 

value  of  8  is  to  be  obtained  which  renders  h  d  -\-  p  A  a  minimum, 

since  h  d  -{-  p  A  is  proportional  to  the  total  cost  of  that  part  of 

the   beam    above   the   center   of   the   steel   rods.     For   the   sake   of 

S 
abbreviation,  let  r  represent  the  ratio,  ->T'  or  S  =  7-  C,  so  that  8 
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is  known  as  soon  as  r  has  been  determined.     Then  the  values  of  Mr.  Merriman. 
&  d  and  A  are : 


l/e-f- 


■  r  I2.U2  M 

1:33  r\|      eC 


e  +  r  2.U2  3f  6 

0  a  ^=  ' 


0.455  e  2.92  M  b 

A 


|2.92 


4 


iVe +  1.33  7-\l  eC 
Multiplying  the  expression  for  A  by  p,  differentiating  the  sum, 
])  d  -\-  p  A,  with  respect  to  ?%  equating  the  derivative  to  zero,  and 
solving  for  r,  gives 

r  =  1.17  ■\/e~p I 

as  the  value  of  r  which  is  required  in  order  that  the  cost  of  the 
beam  shall  be  a  minimum.  Equation  I  is  the  first  formula  to  be 
used  in  designing  a  reinforced  concrete  beam.  For  example,  let 
6  =  10  for  1:2:4  concrete,  and  p  =  60;  that  is,  let  the  cost  of  the 
steel  per  cubic  unit  be  60  times  that  of  the  concrete;  then  r  =  28.7, 
or  the  unit  stress,  8,  for  the  steel,  must  be  28.7  times  as  great  as 
the  unit  stress,  C,  for  the  concrete. 

After  the  ratio,  r,  has  been  ascertained  from  Equation  I,  the 
distance  of  the  rods  below  the  top  of  the  beam  is  to  be  computed 
from 

H    .        ...  1.71  (e  +  r) 

I  -— - ,  m  which    v.  =    —  11 

16  C  ye(e  +  1.33?-) 

and  then  the  section  area  of  the  steel  is  found  by 

A           7    7-        1-1               0.455  e  ^^^ 

A  :=■  V  h  a,  in  which    v  =  Ill 

r  (e  +  r) 

These  three  formulas  enable  the  design  of  a  reinforced  concrete 
beam  to  be  made  which  will  carry  the  given  bending  moment,  M, 
with  the  required  degree  of  security,  and  also  be  more  economical 
than  one  of  any  other  dimensions.  If  the  question  of  economy  is 
not  considered,  Equations  II  and  III  will  furnish  values  of  d  and 
A  for  any  assumed  unit  stresses,  C    and  S,  the  ratio,  7%  to  be  used 

being  the  numerical  value  of  ^• 

The  distance  of  the  neutral  axis  below  the  top  of  the  beam  can 
also  be  stated  in  terms  of  r,  and  also  the  ratio  of  the  cost  of  the 
steel  to  that  of  the  concrete,  thus 

li^^ lY 

d         e  -\-  r 

and  I = «  I' Y 

h  d 
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Mr.  Merriman.  from  which  the  neutral  axis  can  be  located,  and  the  cost  of  the 
steel  relative  to  that  of  the  concrete  computed. 

Tables  7  and  8  show  the  relations  between  the  different  quantities 
more  clearly  than  can  be  shown  by  formulas.  These  tables  have 
been  computed  for  seven  values  of  'p,  ranging  from  30  to  90,  this 
quantity,  p,  being  the  ratio  of  the  costs  per  cubic  unit  of  steel  and 
concrete.  Column  2  shows  the  values  of  r  which  must  be  used  in 
order  that  the  beam  shall  be  of  minimum  cost,  this  ratio,  r,  being 
computed  from  Equation  I,  and  being  the  ratio  of  the  tensile  unit 
stress,  >S^,  in  the  steel  to  the  given  compressive  unit  stress,  G,  on 
the  upper  surface  of  the  concrete.  Column  8  of  Table  7  (for  1:2:4 
concrete)  gives  values  of  8  in  poiinds  per  square  inch  when  C  is 
taken  as  500  lb.  per  sq.  in.,  and  Column  8  of  Table  8  (for  1:3:6 
concrete)  gives  values  of  S  when  C  is  taken  as  350  lb.  per  sq.  in.; 
these  columns  show  that  the  unit  stresses  for  the  steel  should 
decrease  as  steel  becomes  cheaper  with  respect  to  concrete. 

Column  3  in  Tables  7  and  8  gives  values  of  u  to  be  used  in 
computing  the  depth  of  the  rods  below  the  top  of  the  beam  from 
Equation  II.  Column  4  gives  the  values  of  v  for  computing  the 
section  area  of  the  steel  from  Equation  III,  and  these  numbers 
multiplied  by  100  give  the  percentage  of  section  area  of  the  steel 
with  respect  to  the  concrete  section  area,  &  d;  these  columns  show 
that  the  percentages  of  steel  section  to  be  used  should  increase  as 
p  decreases,  and  also  that  1 :2 :4  concrete  requires  a  slightly  larger 
percentage  of  steel  than  1:3:6  concrete.  Column  5  shows  the  posi- 
tion of  the  neutral  axis  when  the  beam  is  stressed  under  the  given 
bending  moment;  on  the  average,  this  axis  is  about  26%  of  the 
depth  below  the  top  for  1:2:6  concrete,  and  a  little  lower  for  1:3:6 
concrete. 


TABLE   7.— For  1:2:4    Concrete. 


=  e  =  10. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(S) 

Ratio, 

Approxi- 

Unit Stress,. 

n 

p  A 

mate  rela- 

s. 

P 

d 

Vd 

tive  costs. 

for  C'=500. 

90 

35 

3.2 

0.0029 

0.22 

0.26 

100 

17  500 

80 

33 

3.2 

0.0032 

0.23 

0.26 

98 

16  500 

70 

31 

3.1 

0.0036 

0.24 

0.25 

95 

15  500 

60 

29 

3.0 

0.0041 

0.26 

0.25 

92 

14  500 

50 

26 

2.9 

0.0049 

0.28 

0.24 

89 

13  000 

40 

23 

2.8 

0.0060 

0.30 

0.24 

85 

11  500 

30 

20 

2.7 

0.0076 

0.33 

0.23 

81 

10  000 

Column  6  gives  the  ratio  of  the  cost  of  the  steel  to  that  of  the 
concrete,  as  found  from  Equation  V,  and  this  is  seen  to  be  not  far 
from  25  per  cent.     Column  7,  headed  "Approximate  relative  costs,"^ 
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contains  niunbors  which  ai)i)l,v  to  reinforced  concrete  beams  when  Mr.  Merrimaa. 

liroperly   designed   by   the   metliod    here   presented.      In   computing 

these  numbers,  the  allowable  compressive  unit  stress,   C,  has  been 

taken  at  500  lb.  per  sq.  in.  for  1:2:4  concrete  and  at  350  lb.  per 

sq.  in.  for  1 :3 :6  concrete,  and  no  allowance  for  difference  in  cost 

between  these  two  classes  of  concrete  or  for  the  extra  concrete  below 

the  reinforcing  rods  has  been  made.     Under  this  supposition,  the 

cost  of  reinforced  beams  is  about  10  or  11%  higher  when  the  lower 

grade  of  concrete  is  used. 

E. 


TABLE   8.— For   1:3:6  Concrete. 


e: 


=  e  =  15. 


n) 

(3) 

(3) 

Ratio, 

P 

r 

M 

90 

43 

3.0 

80 

41 

^0 

70 

38 

2.9 

60 

35 

2.8 

50 

32 

2.7 

40 

29 

2.6 

M 

25 

2.5 

(4) 


0.0027 
0.0030 
0.0034 
(1.0039 
0.0045 
0.005-1 
0.0069 


(5) 


0.26 
0.27 
0.28 
0.29 
0.32 
0.:4 
0.38 


(6) 

(7) 

Approxi- 

pA 

mate  rela- 

bd 

tive  costs. 

C.24 

110 

0.5^4 

lOH 

0.24 

105 

0.23 

102 

0.22 

99 

0.22 

95 

0.21 

90 

(8) 
Unit  Stress, 

for  C=350. 


15  100 
14  400 
13  300 
12  300 
11  200 
10  200 
8  800 


In  Eqtiation  II,  for  computing  the  depth,  a,  the  letter,  C,  ap- 
pears, so  that  this  formula  may  be  used  for  any  specified  com- 
pressive unit  stress.  This  formula,  of  course,  is  only  one  of  many 
that  may  be  deduced  for  different  assumptions  regarding  the  tensile 
stresses  below  the  neutral  surface,  each  assumption  giving  a  different 
expression  for  u.  Wliile  the  common  assumption,  that  the  concrete 
below  the  neutral  surface  offers  no  tensile  resistance,  leads  to  some- 
what different  formulas  for  u  and  v,  the  numerical  results  obtained 
from  them  do  not  differ  materially  from  those  above  given,  as  far 
as  the  values  of  u  and  v  are  concerned,  although  they  give  the 
position  of  the  neutral  axis  somewhat  higher.  The  writer  has  also 
worked  out  formulas  and  tables  under  the  assumption  that  the 
tensile  stresses  in  the  concrete  extend  to  the  distance,  ^n,  below 
the  neutral  axis,  and  finds  that  this  gives  the  depths  of  beams  and 
section  areas  of  reinforcement  about  3%  greater  than  when  no  ten- 
sion in  the  concrete  is  considered.  Hence,  neglect  of  the  tensile  re- 
sistances in  the  concrete  is  not  on  the  side  of  safetly  when  beams  are 
to  be  designed. 

The  writer's  conclusions  regarding  the  proper  design  of  rein- 
forced concrete  beams  are  as  follows : 

1. — Formulas  deduced  from  stress-strain  curves  of  concrete  tested 
to  rupture  in  compression  are  irrational  and  unreliable  for  the 
design  of  beams. 
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Mr.  Merriman.  2. — After  the  three  fundamental  equations  have  been  written 
for  any  assumed  stress-strain  line,  no  further  assumptions  regarding 
the  neutral  axis  or  the  lever  arms  of  forces  can  be  made  without 
introducing  contradictions  which  render  the  resulting  formulas 
erroneous. 

3. — When  the  unit  stresses,  C  and  S,  are  assumed,  the  three 
fundamental  equations  determine  the  depth  of  the  beam  and  the 
section  area  of  the  steel. 

4. — The  practice  of  using  for  the  steel  a  tensile  stress  as  high  as 
one-half  the  elastic  limit  leads  to  uneconomical  design,  unless  the 
cost  of  steel  per  cubic  unit  is  greater  than  about  90  times  the  cost 
of  1 :2  :4  concrete  or  greater  than  about  100  times  the  cost  of  1 :3  :6 
concrete. 

5. — The  unit  stress,  8,  to  be  used  for  the  steel  rods,  should  be 
such  that  the  cost  of  the  reinforced  beam  shall  be  a  minimum,  and 
this  value  may  be  ascertained  from  Equation  I. 

6. — When  no  precise  information  is  at  hand,  regarding  the  rela- 
tive costs  of  steel  and  concrete,  the  value  of  r,  in  Equations  II  and 
IV,  may  be  taken  at  about  31  for  1 :2 :4  concrete  and  at  about  35  for 
1 :3 :6  concrete.  This  gives  the  section  areas  of  the  steel  as  0.36  and 
0.39%  for  these  two  classes  of  concrete. 

Y. — Steel  with  a  high  elastic  limit  should  not  be  used  for  rein- 
forcing rods  if  its  price  per  pound  is  higher  than  that  of  structural 
medium  steel. 

8. — Some  formulas  and  tables  in  use  require  percentages  of  steel 
section  area  to  an  extent  which  is  not  only  unnecessary,  but  waste- 
ful and  extravagant.  The  highest  steel  section  area  which  may  be 
used  for  economical  design  is  0.75%  of  the  concrete  area  above  the 
rods,  and  this  is  only  allowable  when  the  cost  of  steel  per  cubic 
unit  is  as  low  as  30  times  that  of  the  concrete. 

9. — Eor  economical  design,  the  cost  of  the  steel  is  about  25% 
of  that  part  of  the  concrete  which  lies  above  the  centers  of  the 
reinforcing  rods.  The  use  of  steel  to  an  extent  which  renders  its 
cost  equal  to  the  cost  of  the  concrete  section,  h  d,  leads  to  un- 
economical design. 

10. — A  high-class  concrete,  for  which  the  modulus  of  elasticity 
is  about  3  000  000  and  the  allowable  compressive  stress  500  lb.  per 
sq.  in.,  is  more  economical  for  reinforced  beams  than  a  concrete 
having  a  modulus  of  2  000  000  and  an  allowable  compressive  stress 
of  350  lb.  per  sq.  in.,  unless  the  cost  of  the  latter  concrete  is  at 
least  10%  less  than  that  of  the  former. 
Mr.  Perkins.  A.  H.  Perkins,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — That 
the  moment  equation  for  a  reinforced  concrete  beam,  as  determined 
by  any  of  the  rational  formulas  for  a  given  value  of  tg,  approximates 
very  closely  to  a  straight  line,  is  a  familiar  fact  to  engineers  work- 
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ing  with  curves  siieh  as  those  published  in  Engineering  News  by  Mr.  Perkins. 
Mr.   Schaub  as  long  ago  as  April  30th,  1903.     There  the  moment 

curve    is  plotted  with        as    ordinates    and  as  abscissas.    That 

the  curve  with      constant   and  t,  and  the  varying  elements  also 

approximates  a  straight  line,  is  new,  and  the  resulting  general 
equation  is  extremely  simple.  There  is  a  general  feeling  among  engi- 
neers, however,  that  what  is  wanted  is  not  so  much  accvirate 
formulas,  although  they  are  desirable,  as  accurate  constants  for 
use  in  formulas.  Knowledge  of  proper  values  of  Eg  could  hardly 
be  in  a  more  chaotic  condition,  and  an  extension  of  the  knowledge 
of  the  proper  percentages  of  reinforcement  to  be  used  with  various 
mixtures  would  be  received  with  pleasure  by  most  engineers.  How- 
ever, even  though  the  cart  has  been  obtained  before  the  horse,  the 
possession  of  the  cart  is  cause  for  congratulation. 

That  0.8  represents  the  "reliability  factor"  of  the  strength  of 
concrete,  as  compared  with  steel  at  its  elastic  limit,  will  be  ques- 
tioned by  many  engineers.  The  elastic  limit  of  concrete  is  not  more 
than  three-fourths  of  its  ultimate  strength  for  the  leaner  mixtures, 
such  as  1:3:6.  This  is  shown  clearly  by  the  data  presented  by 
Professor  Hatt*  and  by  the  Talbot  experiments.  With  the  richer 
mixtures,  more  common  in  reinforced  construction,  the  elastic  limit 
is  probably  a  somewhat  greater  percentage  of  the  ultimate  strength. 
In  addition,  there  is  the  variation  in  the  strength  of  the  same  grade 
of  concrete.  It  would  seem,  therefore,  that  it  would  have  been  better 
to  have  left  the  factor,  0.8,  out  of  the  equations,  permitting  the 
user  to  suit  himself  or  the  conditions  in  choosing  the  corresponding 
factor. 

The  writer  observes  that  the  author  finds  by  his  analysis  the 
same  position  for  the  centroid  of  pressure  that  was  obtained  by 
Professor  Talbot  by  analysis  (=  yy  of  V'  above  the  neutral  axis) 
at  the  time  he  reported  his  now  classical  set  of  experiments. 

However  completely  a  beam  may  be  reinforced,  it  will  fail  as 
soon  as  the  elastic  limit  of  the  metal  is  passed  unless  the  percentage 
of  reinforcement  is  below  that  which  develops  the  full  strength  of 
the  concrete  at  the  elastic  limit  of  the  metal,  for  the  reason  that 
when  the  elastic  limit  of  the  metal  is  passed  the  neutral  axis  rises 
rapidly,  and  the  unit  stress  in  the  upper  fiber  of  the  concrete 
increases.  Hence,  designing  a  beam  that  will  not  go  to  pieces  when 
the  elastic  limit  of  the  metal  is  passed,  involves  under-reinforce- 
ment.  Web  reinforcement  is  necessary,  of  course,  under  certain 
conditions,  and  perhaps  desirable  under  nearly  all  conditions; 
however,  it  will  not  produce  impossibilities,  and  should  not  be 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LIV,  Part  E,  pp.  587  et  seq. 
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Mr.  Perkins,  expected  to  produce  a  beam  that  will  not  go  to  pieces  soon  after 
the  elastic  limit  of  the  metal  is  reached,  if  the  percentages  of 
reinforcement  recommended  by  the  author  are  used  with  ordinary- 
mixtures.  The  elongation  of  30  000-lb.  elastic-limit  steel  at  the 
elastic  limit  will  be  0.1%,  and  between  the  elastic  limit  and  the 
idtimate  it  will  be  about  25  per  cent.  For  steel  of  50  000-lb.  elastic 
limit,  the  elongation  at  the  elastic  limit  is  0.17%  and  at  the  ultimate 
15  per  cent.     Now  throw  the  author's  Equation  4  into  the  form 

■1  ,,-i,«..Q     I.  —  •'I      and     n  =  -=— . 


where     k  = 


nfc-t-tj  '        f7 

This  is  true  for  any  shape  of  the  stress-strain  curve  within  the 
elastic  limits  of  the  materials,  and  may  be  used  to  find  /•;  at  the 
ultimate  by  putting  for  tg,  250  times  /,,.  for  steel  of  30  000-lb. 
elastic  limit,  or  88  for  steel  of  50  000-lb.  elastic  limit  (tg  remaining 
the  stress  at  the  elastic  limit).  It  is  evident  that  these  values  will 
give  such  attenuated  values  for  /■•  that  the  amount  of  reinforcement 
permissible  would  be  "the  ghost  of  a  departed  quantity." 


TABLE  9. 


^.• 

k. 

a 

F. 

/,(6.V^). 

Mixture. 

M 
bd"-- 

30  000  "1 
40  000 -j 
50  000  { 
60  000 1 

0.4 
0.333 

0.333 
0.273 

0.286 
0.231 

0.250 
0.200 

0.0152 
0.0095 

0.0095 
0.0058 

0.0065 
0.0040 

0.0048 
0.0029 

2  000 

1  500 

2  000 

1  500 

2  000 

1  500 

2  000 
1  500 

3  000 

2  500 

3  000 

2  500 

3  000 

2  500 

3  000 
2  500 

10 
10 

10 
10 

10 
10 

10 
10 

1:2:4 
1.3:6 

1:2:4 
1:3:6 

1:3:4 
1:3:6 

1:2:4 
1:3:6 

408 
251 

339 
211 

293 
181 

260 
159 

This  leads  directly  to  the  vexed  question  of  factors  of  safety. 
If  the  concrete  be  reinforced  up  to  the  point  where  the  steel  reaches 
the  elastic  limit  when  the  upper  fiber  of  the  concrete  is  at  its 
ultimate,  then  the  factor  of  safety  of  the  concrete  is  only  half  that 
of  the  steel,  a  condition  the  reverse  of  what  it  should  be,  and  that  is 

manifestly  a  waste  of  metal.     On  the  other  hand,  if    -^  be  taken 

below  the  above-mentioned  value,  the  beam  goes  to  pieces  before  the 
full  ultimate  stress  in  the  concrete  is  used.  In  other  words,  there  is 
no  way  to  utilize  the  factor  of  safety  of  2  that  steel  has  between 
the  elastic  limit  and  the  ultimate  strength.  Of  the  two  horns  of  the 
dilemma,  it  is  clear  to  the  writer  that  stressing  the  concrete  below 
its  ultimate  is  by  far  the  short  horn,  and  the  better  engineering. 
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The    writer,    therefore,    would    use,    in    the    autlior's    forniuhis,    the  Mr.  Perkins. 
a 
d 


vahies  of     ,  and  F  shown  in  TaWe  9  modified  by  leaving  out  the 


factor,  0.8. 

■p 

Perhaps  a  laraev  valu(>  of  -~,  say  12,  should  be  taken  for  the 
1  •."■.6  mixture.     This  would  make  the  resulting  values  of    ,    slightly 

larger.     To  the  t— ^2  iii  Table  9  the  writer  would  apply  a  factor  of 

safety  of  at  least  2J  for  dead  loads. 

Laxgdon  Pearse,  Jrx.  Am.  See.  C.  E.   (by  letter). — The  writer  Mr.  Pearse. 
has    read    Captain    Sewell's    interesting   paper    and   the    discussion 
thereon  with  much  pleasure.     He  would  like  to  add  a  few  notes 
on    the    stress-strain    curve    of   concrete    in    compression,    based   on 
tests  made  for  the  Boston  Elevated  Railway.* 

These  notes,  made  in  connection  with  a  thesis  at  the  Massa- 
chusetts Institute  of  Technology  in  1902,  refer  only  to  the  1 :2 :4 
mixture.  Plots  of  the  stresses  and  strains  were  niade  on  logarithmic 
paper,  first  the  inelastic  strains,  that  is,  the  strains  produced  by  the 
£rst  loadings,  and  second  the  elastic  strains,  that  is  the  first  strain 
minus  the  permanent  set.  Logarithmic  plotting  paper  was  used 
laecause  of  the  well-known  property  that  the  logarithms  of  points  on 
a  parabola  lie  in  a  straight  line. 

An  examination  of  the  inelastic  strain  plots  showed  that  in  few 
cases  could  one  straight  line  be  passed  through  all  the  points  plotted, 
whereas  in  many  cases  two  straight  lines  at  a  considerable  angle,  and, 
in  one  or  two  cases,  three  straight  lines  could.  This  would  mean 
that  two  or  more  parabolas  might  represent  the  curves.  The 
elastic  strains  followed  the  straight  lines  more  closely,  so  that  one 
line  was  fairly  representative  for  each  set  of  observations. 

In  both  cases  the  constants  were  derived  for  the  range  of  stress 
from  300  lb.  per  sq.  in.  up  to  the  iiltimate  strength.  Unless  other- 
wise noted,  assuming  that  the  probable  curve  was  ?/''  =  p  a;, 
where  y  =  the  stress,  in  pounds  per  square  inch ; 

X  =  the  change  of  length  or  strain,  in  inches  per  inch. 
n  and  p  are  the  constants  to  be  derived. 

The  values  used  in  the  computations  are  given  in  Tables  10 
and  11.  The  columns  headed  y^  and  x^  give  the  low  point,  ?/.,  and  x^ 
the  high  point  from  which  the  constants,  n  and  p,  were  calculated. 
The  columns  headed  y.^  and  x.,,  and  y^  and  x^,  give  the  points  from 
which  the  values  of  n^  and  p^  were  determined.  Tables  10  and  11, 
respectively,  give  the  inelastic  and  elastic  constants. 

Using  y'^  =z  p  X  as  the  stress-strain  equation,  according  to  the 

*  "  Tests  of  Metals,"  U.  S.  War  Dept.,  1899. 
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Mr.  Pearse. 
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definition  of  the  modulus  of  elasticity,  E,  as  the  ratio  of  the  change  Mr.  Pears 
of  stress  to  the  change  of  strain,  then 

This  is  the  slope  of  the  curve  at  the  point,  x^  y.  Now  if 
y  =:  0,  E  =  a .  This  is  clearly  untrue,  although  for  small  values  of 
stress  the  real  strain  is  not  known.  It  is  probable  that  concrete  is 
elastic,  in  the  ordinary  sense,  up  to  200  or  300  lb.  per  sq.  in.,  and 
even  up  to  500  lb.  per  sq.  in.,  in  some  cases,  though  permanent 
set  is  usually  measured  below  that  stress.  The  correct  expression 
for  the  stress-strain  curve  in  compression  would  seem  to  be  a 
parabola  with  the  vertex  at  zero,  but  with  its  axes  slightly  revolved 
so  that  the  slope  is  finite  at  the  origin,  or  else  a  combination  of 
parabola  and  straight  line — the  straight  line  extending  to  the  point 
at  which  permanent  set  is  noted,  the  parabola  from  there  to  the  point 
of  ultimate  strength. 

TABLE  11. — Elastic  Stress-Strain  Curve  for 
1:2:4  Concrete. 


Time 

Cement. 

of 

set. 

Vi 

^1 

2/2 

a-2 

n 

P 

Remarks. 

Alpha 

7d. 

234 

0.0001 

820 

0.0008 

1.667!  91  650  000 

Alpha 

Alpha 

3  mo. 

mi 

o.ODoi 

2  840 

0.0010 

1.435    83  040  000 

Alpha 

6  mo. 

433 

0.0001 

3  UK) 

O.OOlO 

1.130     9  310  000 

Atlas 

8d. 

395 

0.0001  1  520 

0.0010 

1.708  373  300  000 

Atlas 

1  mo. 

42,5 

0.0001  1  690 

0.0010 

1.668  343  000  000 

Atlas 

3  mo. 

515 

0.0001 

2  3l«) 

0.0010 

1.500  116  800  000 

Atlas 

6  mo. 

442 

0.0001 

2  640 

0.0010 

1.389    25  580  000 

Germania... 

7d. 

31)9 

0.0001 

1  820 

0.0010 

1.443    50  540  000 

1  mo. 
3  mo. 

Germanla... 

468 

0.0001 

2  600 

0.0010 

1.343    38  540  000 

Germania... 

6  mo. 

535 

0.0001 

1  840 

0.0006 

1.428i  76  900  000 

Curve  flattens  at  top. 

Alsen 

10  d. 

390 

0.0001 

1  800 

0.0010 

1.5051  79  650  000 

Alsen 

1  mo. 

420 

O.ooni 

2  090 

O.OUIC 

1.435    58  100  000 

Alsen 

3  mo. 

430 

0.0001 11  630 

0.0007 

1.435    58  130  000 

Curve  flattens  above  this. 

Alsen 

6  mo. 

.570 

0. 000112  430 

0.0008 

1.434    89  600  000 

Saylor's . . . 

9d. 

298 

0.0001  1  560 

0.0010 

1.359    27  650  000 

Saylor's 

1  mo. 

450 

O.OOOlll  800 

0.0010 

1.661  355  300  000 

Saylor's 

3  mo. 

455 

0.000112  190 

O.OOIC 

1.465    78  560  000 

Curve  flattens  at  top. 

Saylor's 

6  mo. 

580 

0.0001 

1  900 

0.0005 

1.356 

56  020  000 

1 

For  all  practical  purposes,  the  writer  favors  the  formulas  based 
on  a  straight-line  stress-strain  curve,  using  constants  based  on 
working  values  of  the  fiber  stresses  in  steel  and  concrete,  neglecting 
the  concrete  in  tension. 

C.  B.  Wing,  Assoc.  M.  Am.  See.  C.  E.  (by  letter). — In  a  recent  Mr.  wing, 
paper  before  the  Canadian  Society  of  Civil  Engineers,  Henry  Gold- 
mark,  M.  Am.   Soc.   C.  E.,  has  stated  that  most  of  the  formulas 
proposed  for  the   design   of  reinforced  concrete   are  based  on  the 
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Mr.  Wing,  common  theory  of  flexure  of  homogeneous  materials,  with  modifica- 
tions due  to  the  composite  nature  of  the  beam  and  physical  proper- 
ties of  concrete  differing-  from  those  of  steel. 

A  more  accurate  statement  would  be  that  proposed  formulas 
may  be  divided  into  two  classes,  one  class  for  which  Mr.  Goldmark's 
statement  is  true,  and  another  class  in  which  the  modifications  and 
assumptions  are  of  such  a  character  that  all  semblance  to  the 
ordinary  theory  of  flexure  is  lost,  and  the  resulting  formulas  are 
purely  empirical. 

The  formula  proposed  by  the  author  is  of  this  latter  class; 
and,  for  low  percentages  of  reinforcement,  with  material  of  low 
elastic  limit,  will  be  found  to  give  ultimate  strengths  agreeing 
closely  with  the  results  of  tests. 

The  range  of  application  of  the  formula,  however,  is  limited, 
.  as  will  be  shown  later,  and  in  inexperienced  hands  may  give  ex- 
tremely dangerous  results. 

The  stress-strain  diagram  of  a  reinforced  concrete  beam  shows 
two  critical  points :  the  point  of  failure  of  the  concrete  in  tension, 
and  the  elastic  limit  of  the  steel. 

These  points  may  be  compared  with  the  elastic  limit  and  the 
l^oint  of  rupture  of  the  stress-strain  diagram  of  steel  in  tension, 
with  the  difference  that,  in  the  case  of  steel,  stresses  beyond  the 
elastic  limit  cause  permanent  deformation,  while,  in  the  case  of  re- 
inforced concrete,  stresses  beyond  the  tensile  strength  of  the  concrete 
only  lead  to  the  opening  up  of  cracks  which  are  closed  on  the  re- 
moval of  the  load  if  the  elastic  limit  of  the  metal  has  not  been  ex- 
ceeded. 

The  whole  question  of  proper  methods  of  designing  reinforced 
concrete  would  seem  to  hinge  on  this  one  point,  that  is,  to  what 
extent  it  is  safe  to  allow  tensile  cracks  to  form  in  reinforced  con- 
crete beams . 

This  point  can  only  be  settled  satisfactorily  by  tests  for  the 
effect  of  corrosion  and  repeated  stress  on  reinforced  concrete  beams 
in  which  such  cracks  have  formed. 

Until  such  tests  have  been  made,  conservative  design  would 
require  that  the  maximum  stresses  in  the  outer  fiber  of  reinforced 
concrete  beams  be  kept  within  the  limits  of  the  ultimate  tensile 
strength  of  the  concrete,  say  300  lb.  per  sq.  in.  for  a  fair  quality 
of  concrete. 

If  this  principle  is  accepted,  the  best  tyi^e  of  formula  to  use  is 
one  based  on  the  ordinary  theory  of  flexure. 

At  present  the  design  of  beams  by  such  formulas  is  comparable 
to  the  condition  that  would  exist  if  all  tables  of  moments  of  inertia 
and  properties  of  steel  beams  were  to  be  destroyed. 

However,  by  adopting  a  proper  notation,  and  preparing  tables. 
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it  is  possible  to  solve  theoretical  composite  beam  formulas  with  the  Mr.  Winpr. 
same  ease  that  solutions  of  formulas  for  homogeneous   beams  are 
obtained. 

Such  theoretical  formulas  can  be  shown  to  give  results  agreeing 
closely  with  the  results  of  tests,  both  at  the  point  of  failure  of  the 
concrete  in  tensimi  and  at  the  point  at  which  the  elastic  limit  of  the 
steel  is  reached. 

This  being  the  case,  there  would  seem  to  be  no  justification  for 
adopting  a  formula  theoretically  open  to  criticism,  of  limited 
application,  and  which,  in  inexperienced  hands,  would  give  danger- 
ous results. 

Table  12  has  been  prepared  in  order  to  show  the  difference  in 
designs  obtained  by  using  the  author's  formulas  with  ig  =  16  000  lb. 
per  sq.  in.,  and  by  using  a  formula  based  on  the  ordinary  theory  of 
flexure  limiting  the  tensile  stress  in  the  concrete  to  300  lb.  per  sq.  in. 

The  beams  in  Table  12  have  been  calculated  as  having  a  resisting 
moment  of  120  000  in-lb.  The  beams  calculated  by  the  ordinary 
flexure  formulas  are  square,  with  the  center  of  the  steel  reinforce- 
ment 1  in.  from  the  lower  surface  of  the  concrete.  The  beams 
calculated  by  the  author's  formula  are  square,  above  the  center  of 
the  steel,  and  have  1  in.  added  to  the  depth  to  provide  a  protective 
coating  for  the  steel. 

The  cost  of  concrete  was  assumed  at  20  cents  per  cu.  ft.,  and 
the  cost  of  steel  at  3  cents  per  lb. 

The  author  states  that  "the  actual  working  stress  in  the  concrete 
would  seem  to  be  of  secondary  importance  as  long  as  the  factor  of 
safety  is  assured."  It  is  difficult  to  understand  how  the  factor  of 
safety  is  assured  when  beams  designed  by  the  author's  formula  show 
probable  values  of  the  compressive  stress  in  the  concrete  as  given 
in  Table  12.  These  values  have  been  calculated  by  the  ordinary 
theory  of  flexure,  neglecting  the  tension  in  the  concrete,  and  may 
be  higher  than  the  stresses  actually  existing,  but  beams  calculated 
by  such  formulas  are  on  the  side  of  safety. 

The  author,  in  justification  of  an  empirical  formula,  speaks  of 
the  plate  girder  as  a  case  in  which  the  designer  departs  from  the 
ordinary  theory  of  flexure,  but  fails  to  state  that  such  departure 
leads  to  the  design  of  heavier  beams  than  would  be  required  by  the 
ordinary  theory  of  flexure. 

It  is  to  be  regretted  that  the  author's  proposed  formula  and  other 
similar  formulas  do  not  in  all  cases  in  like  manner  give  results 
departing  from  the  ordinary  theory  of  flexure  on  the  side  of  safety. 
It  is  safe  to  say  that,  if  such  were  the  case,  technical  literature 
would  be  but  little  burdened  with  discussions  of  the  true  form,  of 
the  stress-strain  curve  for  concrete  in  compression,  and  the  old- 
fashioned  Hooke's  Law  would  be  considered  near  enough  for 
practical  purposes. 
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Mr.  Wing.  The  portion  of  the  paper  devoted  to  the  determination  of  the 
economic  percentage  of  reinforcement  depends  entirely  upon  the 
acceptance  of  the  proposed  formula.  If  that  is  not  accepted,  the 
whole  argument  is  without  foundation,  and  that  the  acceptance  of 
this  formula  may  lead  to  dangerous  designs  is  indicated  by  the 
results  given  in  Table  12,  which  show  that  beams  designed  by  the 
ordinary  flexure  formulas  will  increase  in  cost  with  the  percentage 
of  reinforcement. 

For  economy,  the  percentage  of  reinforcement,  therefore,  should 
be  as  small  as  good  practice  will  warrant,  and  is  not  a  subject  for 
theoretical  determination. 

TABLE  12. 


Ordinary  Flexure  Formula. 

Author's  Formula. 

Percent- 
age of 
"  rein- 

Side of 
square 
beam, 

in 
inches. 

Cost 
per 
foot, 

in 
cents. 

Probable  maximum 

stresses  per  square  inch, 

if  concrete  fails  in  tension. 

Depth 
,  of  beam  ; 

width 
1  in.  less. 

Cost 
per 
foot, 

in 
cents. 

Probable 

com- 
pression 
in  con- 

force- 
ment. 

Tension 
in  steel. 

Compression 
in  concrete. 

crete  per 
square 
inch. 

i 

1*0 

li 

14 

1| 
2.0 

13.8 
12.6 
12.3 
12.1 
11.9 
11.7 
11.5 

31.0 
33.6 
36.1 
38.3 
40.5 
42.6 
44.7 

14  300 
10  000 
8  100 
6  800 
6  000 
5  500 
5  000 

530 

490 
470 
460 
460 
460 
460 

12.4 

!    11.0 

1       10.1 
9.4 
8.9 
8.5 
8.2 

26.1 
22.8 
21.1 
19.8 
19.2 
18.9 
18.6 

640 
800 
1  040 
1  130 
1  280 
1  440 
1  560 

Captain 
Sewell. 


John  S.  Sewell,  M.  Am.  Soc.  C.  E.*  (by  letter). — After  reading 
the  discussion  which  has  been  brought  out  by  his  paper,  the  writer 
feels  that  its  main  object,  which  was  to  arouse  a  greater  interest  in 
certain  points  pertaining  to  the  design  of  reinforced  concrete,  has 
been  largely  accomplished.  He  desires  to  express  his  gratitude  for 
the  kindly  expressions  of  appreciation  on  the  part  of  so  many  of 
those  taking  part  in  the  discussion. 

In  order  to  set  at  rest  the  doubts  apparently  existing  in  the 
minds  of  some,  he  desires  to  say  that  he  claims  no  originality  for 
anything  fundamental  in  any  part  of  the  formulas  discussed  or 
proposed  by  himself.  Even  the  treatment  of  web  stresses,  which 
is  different  from  any  he  has  seen  elsewhere,  could  not  be  called 
original,  in  the  fullest  sense  of  the  word,  and  it  may  not  be  so,  in 
any  sense.  The  question  of  originality,  however,  is  entirely 
secondary  to  that  of  correctness.  The  writer,  in  common  with  many 
other  engineers,  has  studied  such  data  as  he  had  available,  and,  in 
the  light  of  such  study  and  his  own  experience,  has  deduced  con- 
clusions in  which  he  has  great  personal  confidence.  But  it  is 
*  Captain,  Corps  of  Engineers.  U.  S.  Army. 
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realized  that  these  conckisions  are  rather  matters  of  opinion  than  Captain 
thoroughly  demonstrated  facts,  and  it  is  hoped  that  the  extensive 
series  of  tests  about  to  be  inaugurated  under  the  auspices  of  this 
and  other  societies  may  cover  the  ground  in  so  thorough  a  manner 
as  to  leave  no  room  for  further  doubt  or  discussion. 

The  point  raised  by  Mr.  Jonson,  in  reference  to  taking  the 
depth  of  the  horizontal  reinforcement  below  the  top  of  the  beam  as 
a  basis  for  the  shear  computation,  is  well  taken.  Referring  to 
page  650,*  and  to  Fig.  4,  the  depth  should  be  h  d,  instead  of  d.  The 
writer  had  intended  to  correct  this  error,  but  will  content  himself 
by  acknowledging  the  accuracy  of  Mr,  Jonson's  criticism.  It 
should,  perhaps,  be  further  explained,  that  Fig.  4  and  its  accom- 
panying text  constituted  a  demonstration  of  the  writer's  method 
of  treating  the  web  stresses,  rather  than  a  statement  of  the  method 
itself.  As  a  matter  of  fact,  when  the  writer  uses  diagonal  web 
members,  if  a  be  the  area  of  the  horizontal  reinforcement,  the 
aggregate  section  of  the  web  members  in  one-half  of  the  beam  is 

taken  as -— ^  a  v/2;  if  vertical  web  members  are  used,  their  aggregate 

area  in  one-half  of  the  beam  is  taken  as  a;  neither  of  these  ex- 
pressions would  be  quite  correct  if  the  depth  were  taken  as  d; 
nor  would  they  result  from  an  actual  determination  of  stresses  in 
a  multiple-intersection  truss  with  a  finite  number  of  web  systems. 
The  greater  the  number  of  web  systems,  the  more  nearly  does  the 
aggregate  of  the  tensile  web  stresses  approach  equality  with  the 
aggregate  of  the  compressive  stresses;  and,  in  a  solid  beam,  they 
become  equal;  under  these  conditions,  the  writer's  expressions  for 
the  aggregate  section  of  web  members  are  correct.  If  diagonal 
members  are  used,  the  length  of  each  member  is  equal  to  dy/'i. 
The  total  volume  of  the  members  in  one-half  of  the  beam  is  then 
equal  to  a  d.  The  same  expression  holds  for  the  volume  of  the 
vertical  members,  so  that  the  total  weight  of  the  web  reinforcement  is 
the  same  in  the  two  cases,  assuming  the  web  members  to  extend  to  the 
top  of  the  beam,  in  either  case.  In  any  case,  the  number  of  web 
members  necessary  to  make  up  the  aggregate  section  is  determined 
by  dividing  the  aggregate  by  the  area  of  one  member.  Their 
spacing  is  determined  in  much  the  same  manner  as  that  used  for 
the  rivet  spacing  for  a  plate  girder. 

Replying  to  Mr.  Watson :  the  unreasonable  and  illogical  require- 
ments of  many  building  laws  constitute  one  of  the  reasons  for 
writing  this  paper.  These  laws  often,  on  the  one  hand,  put  rein- 
forced concrete  at  an  unfair  disadvantage,  and,  on  the  other,  open 
up  the  way  to  very  real  dangers  in  design.  The  writer  is  also 
opposed  to  the  use  of  high-carbon  steel,  or  any  steel  with  an  elastic 
*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1905. 
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Captain  limit  exceeding,  say,  40  000  to  45  000  lb.  per  sq.  in.  If  the  modulus 
Sewell.  ^^  elasticity  could  be  increased  with  the  elastic  limit,  the  matter 
might  be  different;  but,  as  it  is,  the  greater  strength  of  the  steel 
with  a  high  elastic  limit  can  be  utilized  only  by  .permitting  deforma- 
tion beyond  a  reasonable  limit,  and  by  permitting  the  neutral  axis  to 
rise  so  high  in  the  beam  that  the  economy  of  the  greater  stress  in 
the  steel  is  largely  lost,  because  of  the  greater  quantity  of  concrete 
needed  to  counterbalance  the  steel  stresses.  The  strength  of  the 
steel  with  a  high  elastic  limit  is  also  likely  to  be  seriously  impaired 
in  a  fire,  which  is  in  itself  a  sufficient  reason  for  using  soft  or 
medium  steel  in  fire-resisting  structures,  not  to  mention  the  other 
very  valid  objections  to  high-carbon  steel  urged  by  Mr.  Watson. 

Vertical  stirrups,  merely  passing  under  the  main  bars,  cannot 
possibly  transmit  any  tensile  stress  into  those  bars,  for  no  force  has 
a  component  at  right  angles  to  itself;  nor  can  such  stirrups  afford 
an  abutment  for  the  diagonal  compressive  stresses  in  the  concrete, 
except  in  so  far  as  the  concrete  itself  serves  as  an  anchorage  for 
them.  As  one  cannot  lift  himself  by  his  own  boot  straps,  it  is 
difficult  to  know  how  the  stirrups  described  by  Mr.  Watson  can 
assist  in  any  way  except  by  reinforcing  the  concrete  against  local 
failure,  and  thus  holding  adhesion  up  to  its  full  value.  This  seems 
to  be  only  a  partial  solution  of  the  real  problem. 

Replying  to  Mr.  Noble:  the  writer  expects  that  well-conducted 
experiments  will  prove  quite  conclusively  that  percentages  of  re- 
inforcement, considerably  greater  than  those  deduced  from  his  own 
equations,  can  be  safely  used.  The  writer,  in  assuming  his  con- 
stants, tried  to  keep  well  within  safe  limits,  and  the  discussion 
indicates  that  in  this,  at  least,  he  was  successful. 

The  great  value  of  the  acUiesion,  and  of  the  shearing  strength 
in  concrete  is  not  denied;  but  both  are  subject  to  at  least  as  many 
uncertainties  as  the  tensile  strength,  and  the  writer  prefers  to  let 
them  all  go  into  the  indeterminate  part  of  the  factor  of  safety — 
especially  in  structures  likely  to  be  damaged  by  fire. 

Mr.  Kreuger's  comments,  concerning  the  width  of  flange  in 
T-beams,  touch  upon  a  very  interesting  point — one  which,  as  it  is 
treated  in  such  building  laws  as  those  of  New  York  City,  opens  up 
the  way  to  some  decidedly  dangerous  designs.  The  writer's  width 
of  flange  was  deduced  from  a  discussion  based  on  the  shearing 
strength  of  concrete.  While  he  now  disregards  this,  as  far  as 
possible,  the  width  of  the  rib,  in  a  T-beam,  results  from  considera- 
tions affecting  the  transfer  of  the  tensile  stress  from  the  steel  into 
the  compressed  part  of  the  concrete;  the  questions  of  how  much 
stress  can  be  distributed  into  the  slab  on  either  side,  and  how  far 
it  must  go  before  being  absorbed,  are  not  usually  easy  to  determine. 
But,  the  length  of  the  span,  and  all  other  real  factors,  enter,  in- 
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directly,  into  the  design  of  the  rib,  and  a  width  three  times  as  great  Captain 
as  the  width  of  the  rib  will  usually  be  found  quite  safe  and  sufficient 
for  the  flange,  except  in  the  rare  case  where  very  heavy  beams  are 
spaced  very  closely  together,  with  a  very  thin  floor  slab  on  top  of 
them.  In  that  case,  the  thickness  of  the  flange  would  seem  to  be  the 
correct  basis  for  determining  its  width.  The  writer  sees  no  objection 
to  making  it  the  basis  in  all  cases. 

Referring  to  Mr.  Dana's  comments  on  the  writer's  reasons  for 
using  attached  web  members  because  of  the  facility  for  repairing 
beams  damaged  by  fire,  it  should  be  pointed  out  that  exposure  of 
steel  members  results  from  the  spalling  of  the  concrete,  rather  than 
from  complete  dehydration  of  the  cement.  The  Baltimore  fire,  and 
ni2ny  fire  tests  have  demonstrated  that  the  steel  itself  is  often  ex- 
posed, without  suffering  serious  damage;  it  is  to  be  presumed  that 
the  fire  is  usually  about  exhausted,  in  such  cases,  before  the  con- 
crete finally  comes  off.  But,  for  fire-resisting  structures,  the  writer 
is  opposed  to  steel  of  very  high  elastic  limit,  because  of  the  very 
danger  pointed  out  by  Mr.  Dana.  If  every  beam  that  has  its  main 
rods  exposed  has  to  be  torn  out  and  rebuilt,  reinforced  concrete 
will  not  long  be  in  favor  with  underwriters,  for  the  salvage  will 
hardly  be  greater  than  in  the  case  of  a  timber  structure.  While 
it  is  a  slight  digression,  it  might  be  suggested  that  if  every  fire 
test  of  a  proposed  type  of  fire-resisting  construction  had  been  carried 
far  enough  to  determine  correctly  the  salvage  after  the  fire,  a  good 
many  erroneous  conclusions  on  the  subject  of  fire-proof  buildings 
would  have  been  avoided. 

Mr.  Turner  seems  not  to  have  comprehended  the  real  intent  of 
the  paper  at  all;  he  has  set  up  a  straw  man  and  knocked  him  over, 
but  it  is  not  clear  that  this  has  any  very  direct  bearing  on  the 
questions  discussed.  However,  an  attempt  will  be  made  to  answer 
Mr.  Turner's  objections. 

There  is  decided  room  for  differences  of  opinion  as  to  whether 
the  type  of  construction  shown  by  Mr.  Turner  in  Figs.  8  and  9 
will  be  more  economical  than  an  equivalent  one,  using  ribs  or 
beams,  and  a  thinner  slab.  Ingenuity  in  designing  the  centering 
for  the  ribs  might  upset  Mr.  Turner's  estimates  of  cost,  without  the 
slightest  trouble. 

The  writer  is  quite  well  aware,  however,  of  the  extra  cost  of 
centering  for  ribs,  and,  for  that  reason,  has  often  preferred  and  used 
a  plain  slab  rather  than  a  ribbed  construction,  even  though  the  slab 
was  quite  heavy.  But  he  still  maintains  that  for  extensive  floors, 
and  heavy  loads,  there  is  economy  in  a  ribbed  construction;  more- 
over, the  conditions  of  the  problem  do  fix  the  spacing  of  ribs  within 
rather  narrow  limits,  as  a  rule.  However,  it  was  not  the  purpose 
to  treat  this  question  by  the  laws  of  maxima  and  minima,  for  the 
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Captain  reason  that  the  writer  has  not  been  able  to  find  any  principles 
Sewell.  governing  it  in  such  a  way  that  the  skill  of  a  good  foreman  or 
designer,  expended  on  the  centering,  might  not  be  the  vital  factor 
in  deciding  the  question,  after  all.  But,  assuming  the  spacing  of 
beams  and  girders  to  be  fixed,  there  are  such  questions  as  the  most 
economical  design  of  slab  and  the  most  economical  design  of  beam, 
and  it  was  these  questions  that  the  writer  undertook  to  discuss — 
that  is,  the  economical  sections  of  slabs  and  beams,  the  bending 
moments  in  the  two  cases  being  known.  In  the  structure,  as  a 
whole,  there  may  be  broader  questions  of  economy  than  in  its 
individual  members ;  but  there  is  an  economical  design  for  each  of 
them,  and  it  should  not  be  neglected,  for  it  has  a  very  vital  bearing 
on  the  whole  of  the  "broader  question. 

Mr.  Turner  seems  also  to  have  missed  the  essence  of  the  dis- 
cussion of  minimum  cost  for  individual  members.  If  concrete  is 
very  cheap,  and  steel  very  dear,  it  may  easily  happen  that  the 
cheapest  beam,  to  carry  a  given  load,  may  be  one  in  which  the 
concrete  is  not  stressed  to  anything  like  its  safe  limit.  On  the 
other  hand,  it  might  be  possible  for  concrete  to  be  so  expensive,  and 
steel  so  cheap,  that  the  least  expensive  beam  would  be  one  in  which 
the  steel  was  stressed  very  lightly,  and  the  concrete  to  the  full  limit. 
Under  such  conditions,  the  paper  might  have  to  be  revised;  but,  if 
such  conditions  existed,  it  would  probably  be  cheaper  to  use 
structural  steel;  therefore  no  attempt  was  made  to  discuss  the 
question  under  such  assumptions.  It  is  somewhat  surprising,  how- 
ever, that  this  point  has  not  been  raised  in  the  discussion  of  the 
paper. 

As  far  as  the  utility  of  the  writer's  economic  theory  is  con- 
cerned, he  has  foimd  it  useful  in  his  own  work,  and  detailed  esti- 
mates based  on  actual  designs  have  proven  it  correct  within  its 
own  limits.  To  make  its  utility  perfectly  clear,  one  might  suppose 
a  piece  of  construction  work  in  which  the  excavation  for  footings, 
etc.,  yields  an  ideal  material  for  concrete;  there  may  be  nearby  a 
cement  plant,  from  which  cement  can  be  obtained  at  mill  prices. 
Probably  the  concrete,  apart  from  centering,  in  such  cases,  would 
cost  not  more  than  $2.25  per  cu.  yd.  Suppose  the  cost  of  steel 
delivered  at  the  site  is  very  high,  say,  5  cents  per  lb.  It  does  not 
require  a  mathematical  discussion  to  show  that  under  such  circum- 
stances, economy  demands  deep  beams  and  slabs,  and  light  rein- 
forcement; but  there  is  an  economical  limit,  and  the  writer's  theory 
enables  the  engineer  to  determine  it  at  once.  It  would  seem  that 
this  is  worth  while,  at  any  rate. 

The  writer  is  unable  to  see  the  peculiar  value  of  his  economical 
theory  to  any  commercial  interest,  but  as  he  has  never  been  engaged 
in  any  commercial  enterprise,  there  may  be  possibilities  in  it  which 
his  lack  of  experience  prevents  him  from  seeing. 
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Mr.  Turner  lays  great  stress  upon  the  tests  of  certain  floor  slabs,  Captain 
presumably  of  his  own  design.  Their  behavior  cannot  be  explained 
by  any  rational  formula  based  on  flexure,  for  the  simple  reason  that 
they  were  never  subjected  to  such  a  bending  moment  as  Mr.  Turner 
figures  as  due  to  the  load.  The  secret  of  their  great  carrying  power 
is  the  absolutely  unyielding  abutments  afforded  on  all  sides  by  the 
remainder  of  the  floor  construction.  The  writer  has  had  exactly 
parallel  cases  in  his  own  work,  and  has  seen  them  in  the  work  of 
others.  If  Mr.  Turner  had  selected  an  outer  panel,  next  to  the 
wall,  for  his  test,  he  might  have  obtained  a  very  different  result; 
or,  if  he  had  cut  his  test  panel  loose  from  the  neighboring  panels — 
or,  if  he  had  tested  an  entire  floor  to  the  extent  illustrated  in  his 
photographs — it  is  quite  certain  that  the  results  would  not  have  been 
inexplicable,  even  by  the  theory  of  flexure.  As  a  matter  of  fact,  in 
the  panel  which  was  about  16  ft.  square,  the  shearing  stress  around 
the  outer  edges  appears  to  have  been  not  more  than  60  lb.  per 
sq.  in. — not  a  dangerous  value  for  really  good  concrete.  The  panel, 
acting  as  a  flat  dome,  was  able  to  carry  the  load  with  stresses 
probably  not  exceeding  2  000  lb.  per  sq.  in.  The  reinforcement 
below,  and  the  load  above,  prevented  local  deformation  or  buckling. 
It  is  very  doubtful,  however,  whether  two  or  three  times  the  load 
of  900  lb.  per  sq.  ft.  would  have  been  required  to  produce  collapse; 
in  fact,  the  load,  as  it  was,  was  rather  dangerously  close  to  the 
limit,  and,  also,  under  such  conditions,  collapse  is  almost  sure  to  be 
sudden  and  without  appreciable  deflection  or  warning  of  any  kind. 
Mr.  Turner  would  have  added  much  to  the  knowledge  on  the  sub- 
ject if  he  had  carried  the  test  to  destruction. 

The  writer's  opinions  on  the  subject  are  derived  from  the  study 
of  one  or  two  actual  failures,  where  conditions  were  not  entirely 
unlike  those  shown  in  Mr.  Turner's  photograph;  but  he  will  be  very 
glad  to  revise  them,  if  Mr.  Turner,  by  a  test  or  tests  carried  to 
destruction,  can  prove  them  wrong. 

The  writer's  explanation  of  the  carrying  power  of  the  slab  is 
not  materially  different  from  that  indicated  by  Mr.  Turner  him- 
self, in  Fig.  11.  Both  require  unyielding  abutments;  the  slightest 
movement  in  these  would  develop  the  bending  stresses  at  once,  and 
even  Mr.  Turner  will  hardly  claim  that  his  slabs  would  have 
resisted,  as  beams,  the  bending  moments  due  to  his  loads.  The 
writer  has  used  slabs  reinforced  both  ways  by  plain  round  rods, 
and  supported  all  around  by  beams,  as  in  Mr.  Turner's  tests;  and, 
where  he  felt  sure  of  unyielding  abutments,  he  has  reduced  the 
bending  moments  for  which  the  slab  was  designed,  to  an  extent  that 
he  would  not  recommend  for  ordinary  practice.  As  Mr.  Turner 
does  not  disclose  his  ovpn  methods,  he  may  feel  the  same  way  about 
them;  but,  any  one  familar  with  the  carrying  power  of  a  flat 
Guastavino  dome  need  feel  no  surprise  at  the  carrying  power  of 
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Captain  Mr.  Turner's  slabs,  whatever  may  be  the  true  explanation.  It  might 
also  be  suggested  that  steel  beams  tightly  framed  in  between  un- 
jielding  abutments,  would  carry  loads  as  much  in  excess  of  their 
capacities,  as  based  on  the  theory  of  flexure,  as  did  Mr.  Turner's 
floor  slabs.  The  writer  has  often  thought  that,  in  insisting  upon 
statically  determinate  conditions,  American  designers  of  steel 
structures  have  sacrificed  a  great  deal  of  reserve  strength,  especially 
against  local  overloads,  as  well  as  a  very  desirable  rigidity  and  a 
perfectly  justifiable  economy. 

To  the  writer's  mind,  however,  Mr.  Turner's  slabs  were  in  a 
dangerovis  state  of  unstable  equilibrium  under  the  test  loads;  a  very 
little  fire,  or  a  sudden  shock,  applied  in  addition  to  the  loads,  would 
probably  have  caused  collapse  of  a  very  sudden  and  destructive 
nature.  \\Tiile  the  writer  knows  but  little  of  the  floor  in  the  build- 
ing of  the  Farwell,  Ozmun  and  Kirk  Company,  to  which  Mr. 
Turner  refers,  he  thinks  that,  in  the  absence  of  tests  to  destruction 
in  both  cases,  final  conclusions  and  invidious  comparisons  are  not 
justified. 

It  is  noted  that  Mr.  Turner  does  not  state  the  working  loads 
for  which  the  floors  described  by  him  were  designed,  nor  does  he 
reveal  the  methods  used — all  of  which  would  have  been  much 
appreciated. 

The  basis  of  the  writer's  belief  in  attached  web  members  is  the 
very  satisfactory  practical  results  shown  in  their  use.  Professor 
Talbot's  tests,  referred  to  by  Mr.  Turner,  were  hardly  fair,  because 
the  web  members  were  not  long  enough,  and  they  were  not  spaced 
according  to  the  variation  in  stresses.  The  writer  used  the  Warren 
truss  as  the  analogy,  because  tests  show  that  the  web  stresses 
in  reinforced  concrete,  or  any  other  solid,  beam,  are  inclined  at  an 
angle  of  about  45°,  and,  as  long  as  the  beam  is  solid,  they  cannot  be 
made  to  take  any  other  direction;  vertical  web  members  can  take 
up  the  vertical  components  of  the  tensile  web  stresses,  but  they 
cannot  change  the  direction  of  the  resultant  stress.  As  for  Mr. 
Turner's  suggestions  of  an  inverted  bowstring  or  a  Bollman  truss, 
he  would  find  some  difiiculty  in  anchoring  his  tensile  members  at  the 
ends.  In  his  application  of  the  writer's  economic  theory  to  a  plate 
girder  made  of  two  kinds  of  steel,  he  deduces  results  which  would 
be  correct  if,  in  steel,  it  were  cheaper  to  let  the  unit  web  stresses 
vary;  but,  as  a  matter  of  fact,  the  conditions  are  entirely  different, 
and  the  unit  stress  in  the  web  would  be  the  constant — not  the  thick- 
ness of  the  web.  This  application  to  an  impossible — or  at  least 
highly  improbable — plate  girder,  is  merely  another  straw  man 
demolished. 

The  suggestion  that  the  lower  part  of  a  beam  might  be  made  of 
clinker  concrete  was  not  made  with  a  view  of  reducing  the  first  cost,, 
but  of  improving  the  fire-resisting  qualities. 
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Ifr.  Wason  has  made  an  extensive  comparison  of  different  Captain 
formnlas,  most  of  wliich  are  convertible,  one  into  the  other,  by^®^®"' 
■changres  in  constants,  and  in  the  form  of  the  stress-strain  curve. 
The  writer  has  no  doiibt  that  the  percentages  of  steel  worked  out 
by  himself  are  well  within  safe  limits ;  he  intended  that  they  should 
be.  If  economy  demanded  it,  he  would  not  hesitate  to  increase  them 
by  at  least  10  per  cent.  This,  in  the  i)articular  case  assumed,  would 
probably  have  given  values  more  satisfactory  to  Mr.  Wason. 

However,  Mr.  Wason's  mathematical  work  is  not  quite  con- 
sistent. In  his  use  of  Professor  Talbot's  formulas,  he  assumes  the 
value  of  A,  overlooking  the  fact  that  there  is  a  certain  value  of  A 
which  necessarily  follows  from  his  previous  assumptions,  and  which 
Professor  Talbot's  formulas  afford  the  means  of  determining.  If 
Mr.  Wason  will  take  the  writer's  Equations  1  to  5,  revise  them  to 
suit   the    assumption    of    a    parabolic    stress-strain    curve    with    its 

F'  1 

vertex  on  the  extreme  fiber  in  compression,  and   assume      ?=    -, 

^  '  E,       20' 

he  will  get  a  set  of  formulas  which  are  absolutely  convertible  into 

Professor  Talbot's  when  developed  under  the  assumptions  made  by 

Mr.  Wason.    He  will  find,  also,  that,  with  such  a  stress-strain  curve, 

a  value  of  — --  for  n   in    Professor    Talipot's    formulas    is    the    same 

1  E 

assumption  as  a  vahie  of -— -  for --,?  in  the  writer's   formulas,  revised 
20         -E,. 

for  the  parabolic  curve. 

Mr.  Wason's  own  formula  is  based  upon  impossible  assump- 
tions. If  the  neutral  axis  is  at  the  middle,  the  upper  half — not  the 
upper  third — is  in  compression.  Solving  for  working  stresses,  the 
right  line  is  undoubtedly  the  correct  form  for  the  stress-strain  curve. 
XTnder  these  circumstances,  the  maximum  fiber  stress  in  beams 
•designed  by  Mr.  Wason's  formula  is  667,  instead  of  500,  lb.  per 
sq.  in.  Moreover,  in  Mr.  Wason's  method,  there  is  nothing  to 
indicate  that  if  he  had  used  100  000  instead  of  50  000  for  f,  he 
would  have  obtained  a  different  value  of  A;  in  which  case,  his 
formula  would  make  the  resisting  moment  of  his  beam  1  500  000, 
instead  of  750  000  in-lb.  Mr.  Wason  would  not  consider  the  beam 
good  for  that,  but  if  his  formula  were  written  into  a  building  law, 
some  one  else  might.  As  a  matter  of  fact,  in  his  formulas,  Mr. 
Wason  does  not  take  account  of  the  elastic  properties  of  the 
materials  at  all. 

At  the  bottom  of  page  256,*  Mr.  Wason  makes  an  interesting 
calculation,  which  is  a  good  argument  for  using  a  curved  form  of 
stress-strain  curve,  and  solving  for  stresses  near  the  ultimate,  since 
the  right-line-working-stress  method  puts  the  concrete  at  a  mani- 
festly unfair  disadvantage.     In   Mr.   Wason's   computation   of  the 
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Captain  compressive  force  of  concrete,  under  the  parabolic  assumption,  how- 
Sewell.  -  n  K 

ever,  the  coefficient,   -,  should  be     .    The  coefficient,     ,  belongs,  how- 

8  3  a 

ever,  to  a  curve  much  closer  to  the  truth  than  a  parabola,  and  the 
lever  arm  of  0.8125  d  is  quite  safe.  There  is  no  doubt  that  the 
beam  assumed  by  Mr.  Wason  would  easily  carry  2  sq.  in.  of  re- 
inforcement, and  that  it  would  not  then  collapse  under  less  than 
]  000  000  in-lb.,  if  properly  designed  and  built. 

It  seems  to  the  writer  that  compression  in  the  steel,  due  to 
shrinkage  of  the  concrete,  is  merely  the  tensile  strength  of  the 
concrete  in  another  form.  It  is  an  additional  argument  for  at- 
tached web  members. 

The  Watertown  tests  indicate  that,  with  increasing  age,  the 
ultimate  strength  of  the  concrete  increases  more  rapidly  than  the 
modulus  of  elasticity.  This  increases  somewhat  the  factor  of  safety, 
but  does  not  in  any  way  affect  the  economy  of  the  design. 

The  tests  with  loose  diagonal  stirrups,  cited  by  Mr.  Wason, 
seem  to  prove  very  conclusively  the  existence  of  the  diagonal  web 
stresses,  and  the  necessity  for  rigid  attachment  of  the  web  members, 
resisting  them,  to  the  main  bars.  Mr.  Wason  is  entirely  mistaken 
as  to  the  difficulty  of  assembling  and  handling  such  reinforcement 
as  was  used  at  the  War  College.  The  web  members  were  so  rigid 
that  the  entire  reinforcement  was  easily  handled  as  a  whole;  the 
cost,  in  place,  was  aboiit  2.4  cents  per  lb.  The  concrete  was  made 
of  small  gravel,  and  poured  in,  very  wet.  The  writer  does  not 
believe  that  any  one  of  the  systems  of  web  reinforcement  described 
by  Mr.  Wason  is  as  cheap  or  as  easily  handled  and  embedded  as  that 
used  at  the  War  College. 

The  equation  deduced  by  the  writer  for  the  cost  of  the  variable 
elements  of  a  reinforced  concrete  beam  is  a  hyperbola,  which,  when 
plotted,  would  almost  coincide  with  the  curve  of  total  cost  in  Fig. 
24,  of  Mr.  Goodrich's  discussion. 

In  answer  to  Mr.  Goodrich's  comments,  on  page  277,*  relative 
to  the  quantities^  s,  h,  and  c,  this  really  raises  the  question  of 
maximum  economy  in  the  spacing  of  ribs. .  With  a  given  system 
of  centering,  this  problem  is  capable  of  solution,  but  it  would  have 
to  be  solved  separately  for  each  case.  Practical  considerations  will 
generally  restrict  the  number  of  bays  into  which  a  given  space  can 
be  divided,  but  a  mathematical  discussion  of  minimum  cost  might 
be  useful  in  each  case,  as  indicating  which  of  the  available  num- 
bers of  bays  is  most  economical. 

It  seems  to  the  writer  that  Mr.  Goodrich's  brick  beams  had  a 
tyije  of  connection  between  web  members  and  main  bars  which,  when 
deflection  had  taken  up  the  slack,  became  quite  rigid,  because  of 
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the  friction.    If  he  had  set  the  u's  the  other  way,  the  experiment  gapuin 
would  have  boon  more  conclusive.    As  it  was,  it  appears  to  be  quite 
as  much  in  favor  of  his  contentions  as  against  them.    If  the  stirrups 
of  the  beams  shown  in  Plate  XXVIII  were  wrapped  closely  around 
the  main  bars,  the  same  is  true  of  them. 

Mr.  Goodrich,  as  well  as  Mr.  Turner,  expresses  some  doubt  as  to 
the  correctness  of  the  ordinary  assumptions  made  in  designing 
reinforced  concrete  structures.  It  will  not  be  denied  that,  for 
isolated  beams,  the  theory  of  flexure  explains  the  results  of  tests 
fairly  well.  Slabs  reinforced  in  two  directions  and  supported  on 
all  sides  may  give  results  a  little  higher  than  would  be  indicated 
by  the  theory  of  flexure  as  ordinarily  applied,  and  this  may  be  due, 
in  some  measure,  to  the  counterbalancing  effects  of  compressive 
stresses  acting  at  right  angles  to  each  other,  on  the  same  material. 
But  it  is  not  clear  how  the  two  sets  of  reinforcing  bars  could  relieve 
each  other  of  tensile  deformation  in  the  same  way,  so  that  an 
isolated  slab  built  and  supported  as  described,  would  probably  not 
carry  much  more  than  the  breaking  loads  found  by  the  theory  of 
flexure,  rationally  applied.  Any  increase  in  strength  could  be 
allowed  for  by  a  judicious  reduction  of  applied  moments  in 
designing. 

When  a  slab  or  beam  is  rigidly  built  in  as  part  of  an  extended 
structure,  however,  there  is  a  very  great  increase  of  strength  under 
tests  applied  to  only  one  or  two  units  of  the  floor  system  at  a  time, 
especially  when  they  are  interior  units.  Exactly  the  same  results 
have  been  attainable  with  steel  structures,  any  time  during  the  last 
twenty  years,  but  no  one  has  thought  it  advisable  to  do  so,  and 
count  upon  them.  If  not  advisable  for  a  tough  and  ductile  material 
like  steel,  it  is  much  less  advisable  for  a  brittle  material  like  con- 
crete. If  dome  action  is  to  be  counted  upon,  then  btiild  domes,  self- 
contained,  each  within  its  own  tension  ring — not  slabs  and  beams, 
dependent  upon  unloaded  and  undamaged  neighbors  for  capacity 
to  carry,  as  domes,  loads  that  applied  to  them,  as  beams,  would 
instantaneously  and  completely  destroy  them.  Of  continuous  girder 
action,  however,  the  writer  would  take  fairly  full  advantage;  and  he 
is  convinced  that  it  would  have  been  advisable  to  do  the  same  thing 
in  steel  structures  for  these  many  years. 

In  answer  to  Mr.  Goodrich's  claim  that  a  sufficiency  of  tests  is 
available  to  settle  disputed  points,  it  might  be  suggested  that  the 
manifest  differences  of  opinion  among  those  conversant  with  the 
subject  is  pretty  good  proof  to  the  contrary.  Beams  exactly  alike  in 
aU  particulars  except  as  to  the  type  of  web  reinforcement  and  its 
method  of  attachment  to  the  main  bars,  should  be  tested  accurately, 
in  a  testing  machine,  with  numerous  points  of  contact,  well  dis- 
tributed throughout  the  span,  to  prove  whether  the  writer's  theory 
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Captain  of  web  reinforcement  is  or  is  not  correct.  Practical  tests  are  not 
sufficiently  accurate  to  be  conclusive  and  to  remove  the  question 
from  the  domain  of  opinion  to  that  of  established  fact. 

The  writer  desires  to  express  his  appreciation  of  Mr.  Goodrich's 
very  discerning,  fair,  and  frank  discussion. 

Mr.  Thacher's  objections  to  the  vpriter's  proposed  multiplied 
loads  would  apply  to  bridges  and  other  structures  in  which  the 
dead  load  is  the  principal  load.  A  fair  average  case  in  a  building 
would  be  one  in  which  the  dead  and  live  loads  are  about  equal. 
The  writer's  proposition,  in  such  a  case,  involves  a  safety  factor 
of  2i,  based  on  conditions  at  a  stage  materially  short  of  collapse. 
It  is  very  doubtful  whether  the  floor  systems  of  most  steel-frame 
buildings  have  any  such  factor;  the  tile  arches  in  common  use 
would  collapse  before  the  stress  in  the  steel  beams  reached  the 
elastic  limit — and  this  would  fix  the  factor  at  very  little  more 
than  2. 

If  reinforced  concrete  is  made  a  little  safer  than  the  type  of 
structures  it  is  trying  to  displace,  it  is  sufiicient.  Where  the  dead 
load  becomes  very  great,  however,  there  should  be  adopted  a  sort  of 
sliding  scale,  whereby  the  factor  of  safety,  based  on  total  loads, 
would  never  be  less  than  2^.  For  structures  subject  to  shock  and 
vibration,   it  should  be  increased. 

The  writer  naturally  dissents  from  Mr.  Thacher's  views  as  to 
the  adequacy  of  the  concrete  for  binding  main  and  web  members 
together.  However,  if  there  is  any  economy  in  omitting  the  surplus 
concrete,  in  a  completely  reinforced  beam,  there  is  no  objection  to 
doing  so,  provided  adequate  fire  resistance  is  not  sacrificed. 

In  reply  to  Mr.  Forchhammer,  attention  is  called  to  the  fact  that 
the  stress-strain  curve  used  in  deducing  Equations  1  to  5  is  correct 
only  on  the  assumption  of  a  certain  maximum  stress  in  the  con- 
crete; to  allow  this  stress  to  vary  as  Mr.  Forchhammer  does,  and 
still  use  the  equations  with  the  constants  deduced  by  the  writer, 
IS  manifestly  incorrect.  Mr.  Forcliliammer,  in  arriving  at  a  beara 
of  minimum  cost,  goes  through  all  the  tentative  calculations,  which 
the  writer  tried  to  avoid,  and  deduces  no  rule  of  general  application. 
The  writer  cannot  see  that  his  use  of  the  words,  "maximum 
allowable  percentage,"  is  misleading  when  they  are  read  with  the 
context,  wherein  it  is  plainly  stated  that  all  percentages  are 
determined  so  as  to  cause  the  beam  to  fail  by  failure  of  the  steel. 

"Theoretical  economy  based  on  relative  costs,"  is  attained  when 
the  cost  of  the  steel  and  the  cost  of  the  concrete  above  it  are  equal. 
If  this  gives  so  great  a  percentage  of  steel  that  the  concrete  will  fail 
before  the  stress  in  the  steel  reaches  the  elastic  limit,  the  beam  is 
not  able  to  resist  the  moment  used  in  determining  the  area  of  the 
steel.    A  deeper  or  wider  beam  of  greater  cost  is  demanded.     There- 
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fore,  the  beam  of  least  cost,  determined  solely  by  consideration  of  ^^^l^^ 
the  relative  cost  of  the  two  materials  is  not  adequate,  from  a  struc 
tural  point  of  view,  and  cannot  be  used.  The  maximum  attainable 
economy,  of  course,  results  from  using  the  "maximum  allowable 
percentage"  of  steel.  When  more  than  this  is  used,  the  strength  of 
the  beam  is  increased,  but  not  in  proportion  to  the  increased  area 
of  steel  nor  to  the  increased  cost.  It  may  not  be  quite  accurate  to 
say  that  the  increase  in  the  steel  is  all  "wasted,"  but  it  is  certainly 
not  economically  used.  There  may  be  cases  where  dead  weight 
must  be  avoided  at  any  cost — or  where  minimum  thicknesses  must 
prevail — in  which  the  design  must  be  based  on  the  use  of  very  large 
percentages  of  steel;  but  ordinarily  this  is  not  necessary.  Where 
the  strength  of  the  concrete  determines  the  failure  of  the  beam  or 
slab,  the  failure  is  apt  to  be  sudden,  and  to  come  without  much 
warning.  This  is  a  very  undesirable  kind  of  failure,  and  should 
be  avoided,  if  possible.  As  already  pointed  out,  if  concrete  is  so 
expensive  that  it  is  cheaper  to  design  on  the  basis  of  the  strength  of 
the  concrete,  it  is  probably  still  cheaper  to  use  structural  steel  and 
some  form  of  fire-proof  floor  arch,  such  as  hollow  tiles. 

In  reply  to  Mr.  French,  there  is  no  objection  to  designing  by  the 
straight-line  formulas,  for  working  stresses,  provided  values  are  as- 

rr 

sumed  for ^  and  F,  which  will  be  as  near  the  truth  as  possible,  and 

at  the  same  time,  will  permit  of  the  use  of  reinforced  concrete 
with  a  safety  factor  only  a  little  greater  than  that  existing  in 
structural  steelwork  designed  to  carry  the  same  loads.  Building 
departments  will  not  ordinarily  approve  designs  frankly  made  with 

E 

such  values  of  ~  and  F — especially  the  latter — yet  they  will  pass 
E^ 

lighter  designs  made  in  accordance  with  a  purely  empirical  formula 
in  which  a  fictitious  working  stress  of  500  lb.  or  less  is  one  of  the 
factors,  and  an  utterly  impossible  value  for  the  area  of  compression 
is  another.  The  writer  frankly  admits  that  his  chief  reason  for 
recommending  the  method  of  multiplied  loads  and  ultimate  stresses 
is  the  hope  that  it  may  the  more  easily  lead  to  designing  by  honest 
formulas,  with  reasonable  factors  of  safety.  The  writer  often  de- 
signs for  working  stresses,  but,  fortunately,  does  not  have  to  reckon 
with  any  building  department. 

The  writer  is  much  indebted  to  Professor  Church  for  working 
out  the  more  general  solution  of  his  problem  in  maxima  and 
minima,  thereby  avoiding  the  slight  inaccuracy  of  assuming  a  fixed 
value  for  the  coefficient,  h.  That  the  writer  himself  evaded  this 
issue  should,  at  least,  relieve  him  of  the  suspicion  of  being  a 
mathematical  gymnast,  which  seems  to  have  been  aroused  in  the 
minds  of  some  by  the  very  modest  mathematical  exercises  contained 
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Captain  in  the  paper.  It  should  be  pointed  out,  however,  that  the  more 
Seweii,  Yigid  method  followed  by  Professor  Church,  when  applied  to  the 
practical  case  in  which  there  is  a  minimum,  states  the  conditions 
of  minimum  cost  in  terms  of  relative  stresses  in  the  steel  and 
concrete.  To  determine  the  actual  area  of  steel  in  the  design  of 
minimum  cost  would  then  involve  the  solution  of  Equations  1  to  5. 
The  writer's  method  does  not  give,  with  rigid  accuracy,  the  theo- 
retical minimum;  but  it  comes  close  enough  for  all  practical  pur- 
poses, and  gives  the  result  in  more  convenient  form  for  use. 

The  question  of  combined  thrust  and  moment  raised  by  Mr.  Leffler 
is  one  of  extreme  interest.  This  was  not  discussed  in  the  paper 
because  the  writer  does  not  believe  in  relying  upon  arch  action  in 
fcOor  systems  as  ordinarily  designed.  Therefore,  he  confined  him- 
self to  a  consideration  of  stresses  due  to  bending  only.  The  simpli- 
fied formula  recommended  by  the  writer  is  just  as  applicable  to 
working  stresses  as  to  ultimate  stresses,  but,  as  it  is  concerned  with 
the  steel  alone,  it  would  not  serve  for  the  combined  thrust  and 

a 
moment  problem,  without  the  use  of  special  values  of  ~n . 

Eeplying  to  Mr.  Hill,  the  writer  would  not  recommend  the 
duplication  of  his  own  mathematical  work  in  any  case;  the  general 
rule  that  minimum  cost  will  result  when  the  cost  of  the  steel  is  as 
nearly  as  possible  equal  to  that  of  the  concrete  above  it,  is  the 
only  practical  result  of  the  application  of  the  calculus,  and  it  is 
merely  one  point  that  should  be  kept  in  mind,  along  with  the  cost 
of  centering,  variations  in  the  prices  of  steel  and  cement,  caprices 
of  the  labor  unions,  etc. 

In  reference  to  the  dehydration  of  cement,  mentioned  by  Mr. 
Hill,  if  attached  web  members  are  not  used,  concrete  which  is  at  all 
dehydrated  would  certainly  not  be  reliable  for  transmitting  stresses 
into  the  steel.  Even  if  attached  web  members  are  used,  the  con- 
crete surrounding  the  main  bars  will  take  some  stress;  although 
this  action  is  not  counted  upon,  it  cannot  be  entirely  avoided. 
Dehydrated  concrete  would  be  very  apt  to  crack  and  fall  off,  under 
such  circumstances;  in  any  case,  unless  it  is  removed  and  good 
material  substituted,  the  damage  is  not  wholly  repaired,  and  the 
structure  is  not  as  good  a  fire  risk  as  it  was  before. 

The  last  paragraph  of  Mr.  Hill's  discussion  is  of  the  utmost 
importance,  and  should  receive  most  careful  consideration. 

Mr.  Shearwood  also  raises  some  extremely  important  points, 
which  should  be  settled  by  careful  experimental  investigation. 
The  point  about  the  effect  of  repeated  loads  is  one  of  great  interest; 
personally,  the  writer  believes  that  experiments  along  this  line  will 
demonstrate  the  value  of  attached  web  members,  but  frankly  admits 
that,  thus  far,  this  is  only  an  opinion. 


/  J 
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